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PREFACE.

There is no subject associated with the care

of plants respecting which there is so much mis-

apprehension and imperfect knowledge, as that

of the origination of new forms. Most of the

scattered writing touching it treats the subject

as if all our knowledge of the matter were and

must be derived wholly from experiment. It

therefore recites examples of how this and that

new form has come to be, and has made little

attempt to discover the fundamental causes of

the genesis of the novelties. Horticulturists

commonly look upon each novelty as an isolated

fact, whilst we ought to regard each one as but

an expression of some law of the variation of

plants. It is the common notion, too, to con-

sider any type of plant to- be essentially a fixed

entity, and to regard any marked departure from

the type as a phenomenon rather more to be
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Vi PREFACE.

wondered at than to be explained. It is evident,

however, that one cannot understand the pro-

duction of new varieties until he has grasped

some of the fundamental principles of the on-

ward progression of the vegetable kingdom.

Any attempt, therefore, to explain the origin of

garden varieties, and the methods of producing

them, must be at the same time a contribution

to the literature of the philosophy of organic

evolution.

I do not know of any explicit and sustained

attempt to account for the evolution of all gar-

den forms, and I have therefore brought together

in this volume the subject-matter of various

lectures which I have been in the habit of

giving before my students. The first and

third lectures were newly elaborated the present

summer for two addresses before the class in

biology which came together at the University

of Pennsylvania, under the auspices of the

American Society for the Extension of Univer-

sity Teaching. The second lecture was first

presented before the Massachusetts State Board

of Agriculture, in Boston, December 1, 1891.

In April, 1892, it was republished, with a bibli-



PREFACE. Vll

ography of the subject, by the Rural Publishing

Co., under the title, " Cross-Breeding and Hybrid-

izing." This publication is now out of print.

I have made no attempt to collect lists or cata-

logues of varieties, but have endeavored to make

very brief statements of some of the underlying

principles of the amelioration of plants, with only

sufficient examples to fix them in the mind.

I hope that teachers of horticulture and botany

may find the book useful in their classes. When
it is necessary to abridge the instruction or to

present it to untrained students, only Lectures

III. and V. may be used, for these contain the

matters of greatest demonstrative importance.

L. H. Bailey.
Cornell University,

Ithaca, N.Y., September 1, 1895.



PREFACE TO THIRD EDITION.

In the eight years since this book was sent to

the printer, there have been great changes in our

attitude toward most of the fundamental questions

that are discussed in its pages. In fact, these

years may be said to have marked a transition

between two habits of thought in respect to the

means of the evolution of plants,— from the points

of view held by Darwin and the older writers to

those arising from definite experimental studies

in species and varieties. We have not given up

the old nor wholly accepted the new, but it is

certain that our outlook is shifting. So far as

practical plant-breeding is involved, the changing

attitude is concerned chiefly with discussions of

the nature of varieties and the nature of hybridi-

zation.

The chief practical result of the discussion of

the nature of varieties is a re-defining of what a
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variety is, whereby we have come to recognize the

fact, more clearly than heretofore, that not all

differences in plants are of equal importance or

significance.

The practical result of the discussions of hy-

bridization is the growing belief that the offspring

of hybridization follow definite laws. This state-

ment seems to be wholly at issue with the tenor of

Lecture II. ; but the apparent contradictions are

largely such as follow from two sets of definitions

of the ideas of " variety" and "hybrid." It must

also be remembered that even if hybridization fol-

lows definite laws, the practical results are com-

monly so modified and obscured by interfering

circumstances that safe predictions usually cannot

be made. I had once thought of rewriting Lec-

ture II., but on going over it again I found that

the chief change that I should desire now to make

would be a rephrasing in order to conform it to

the method of current discussions. Moreover, we

are not yet ready to make very positive discus-

sions from the newer studies. The time cannot

be far distant when the subject of plant-breeding

will be rewritten from a new point of view. In

the meantime, I hope that the new matter in
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Lecture IV. may set the reader straight on some

of the newer problems.

The first issue of this book was made late in

1895. The second edition was made early in 1902.

In the meantime it had been twice reprinted. By

an inadvertence, the second edition was not so

marked on the title-page. In that edition the

changes in the text were few. The only very im-

portant departure was the publication of a bibli-

ography. This bibliography had appeared with

my paper on " Cross-Breeding and Hybridizing,"

which was published in 1892 as one of the Rural

Library Series. It was purposely confined to

such literature as English-speaking horticulturists

would be most likely to find. The edition was

soon exhausted, and many requests for this bibli-

ography decided me to extend and republish it.

In the present edition I have added somewhat to

this bibliography (to the close of 1902), and have

made some changes in the text ; but the leading

change is the substituting of new matter for the

old Lecture IV.

L. H. Bailey
Cornell University,

Ithaca, N.Y., September 1, 1903.
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PLANT-BREEDING.

LECTURE I.

THE FACT AND PHILOSOPHY OF VARIATION.

There is no one fact connected with horticult-

ure which so greatly interests all persons as the

existence of numerous varieties of plants which

seem to satisfy every need of the gardener.

Whence came all this multitude of forms ? What
are the methods employed in securing them ? Are

they simply isolated facts or phenomena of gar-

dening, or have they some relation to the broader

phases of the evolution of the forms of life?

These are some of the questions which occur to

every reflective mind when it contemplates an

attractive garden, but they are questions which

seem never to be answered. Whatever attempt

the gardener may make at answering them is

either befogged by an effort to define what a vari-

ety is, or else it consists in simply reciting how a

few given varieties came to be known. But there

B l



2 FACT AND PHILOSOPHY OF VARIATION.

must be some fundamental method of arriving at

a conception of how the varieties of fruits and

flowers and other cultivated plants have origi-

nated. If there is no such method, then the

origination of these varieties must follow no law,

and the discussion of the whole subject is fruit-

less. But we have every confidence in the con-

secutive uniformity of the operations of nature,

and it were strange if some underlying principle

of the unfolding or progression of plant life does

not dominate the origin of the varied and in-

numerable varieties which, from time unknown,

have responded to the touch of the cultivator.

Let us first, therefore, make a broad survey of the

subject in a philosophical spirit, and, later, discuss

the more specific instances of the origination of

varieties.

I. The Fact of Individuality.

There is universal difference in nature. No
two living things are exact counterparts, for no

two are born into exactly the same conditions and

experiences. Every living object has individ-

uality ; that is, there is something about it which

enables the acute observer to distinguish it from

all other objects, even of the same class or spe-

cies. Every plant in a row of lettuce is different

from every other plant, and the gardener, when
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transplanting them, selects out, almost uncon-

sciously, some plants which please him and others

which do not. Every apple tree in an orchard of

a thousand Baldwins is unlike every other one,

perhaps in size or shape, or possibly in the vigor

of growth or the kind of fruit it bears. Persons

who buy apples for export knoAV that fruit from

certain regions stands the shipments better than

the same variety from other regions ; and if one

were to go into the orchards where these apples

are grown, he would find the owner still further

refining the problem by talking about the merits

of individual trees in his orchard. If one were

to make the effort, he would find that it is pos-

sible to distinguish differences between every two

spears of grass in a meadow, or every two heads

of wheat in a grain-field.

All this is equivalent to saying that plants are

infinitely variable. The ultimate causes of all

this variation are beyond the purpose of the

present discussion, but it must be evident, to

the reflective mind, that these differences are

the means of adapting the innumerable indi-

viduals to every little difference or advantage

in the environment in which they live. And if

the result of variation is better adaptation to

the physical conditions of life, then the same

forces must have been present in the circum-

stances which determined the birth of the indi-
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vidual. The variation in environment, therefore,

must be the cause of much of the variation in

plants, since differences in plants were positively

injurious if it were possible for the conditions of

environment to be the same.

If no two plants are anywhere alike, then it is

not strange if now and then some departure, more

marked than common, is named and becomes a

garden variety. We have been taught to feel

that plants are essentially stable and inelastic,

and that any departure from the type is an excep-

tion and calls for immediate explanation. The

fact is, however, that plants are essentially un-

stable and plastic, and that variation between the

individuals must everywhere be expected. This

erroneous notion of the stability of organisms

comes of our habit of studying what we call

species. We set for ourselves a type of plant or

animal, and group about it all those individuals

which are more like this type than they are like

any other, and this group we name a species.

Nowadays, the species is regarded as nothing

more than a convenient and arbitrary expression

for classifying our knowledge of the forms of

life, but the older naturalists conceived that the

species is the real entity or unit in nature, and we
have not yet wholly outgrown the habit of mind

which was born of that fallacy. Nature knows

nothing about species ; she is concerned with the
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individual, the ultimate unit. This individual she

moulds and fits into the chinks of environment,

and each individual tends to become the more

unlike its birthmates the more the environments

of the various individuals are unlike. I would

impress upon you, therefore, as a fundamental

conception to the discussion of the general subject

before us, the importance of the individual plant,

rather than the importance of the species ; for

thereby we put ourselves as nearly as possible in

a sympathetic attitude with nature, and, resting

upon the ultimate object of her concern, we are

able to understand what may be conceived to be

her motive in working out the problem of life.

That I may still more forcibly emphasize this

thought, let me recall to your minds the fact

that the whole tendency of contemporary civili-

zation, in sociology and religion, is to deal with

the individual person and not with the mass.

This is only an unconscious feeling after natu-

ral methods of solving the most complex of

problems, for it is exactly the means to which

every organic thing has been subjected from the

beginning.

In looking for the ultimate unit or individuality

or personality in nature, we must make a broad dis-

tinction between the animal and the plant. Every

higher animal is itself a unit ; it is one. It has

a more or less definite span of life, and every part
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and organ contribute a certain indispensable part

to the life and personality of the organism. No
part is capable of propagating itself independently

of the sex-organs of the animal, nor is it capable

of developing sex-organs of its own. If any part

is removed, the animal is maimed and perhaps it

dies. The plant, on the contrary, has no definite

or distinct autonomy. Most plants live an indefi-

nite existence, dependent very closely upon the

immediate conditions in which they grow. Every
part or branch of the plant lives largely for itself,

it is capable of propagating and multiplying itself

when removed from the parent plant or the colony

of branches of which it is a member, and it de-

velops sex-organs and other individual features

of its own. If any branch is removed, the tree

or plant does not necessarily suffer; in fact, the

remaining branches usually profit by the removal,

a fact which shows that there is a competition,

or struggle for existence, between the different

branches or elements of the plant. The whole

theory and practice of pruning rest upon the fact

of the individual unlikenesses of the branches of

plants ; and these unlikenesses are of the same
kind and often of the same degree as those which

exist between different plants which are grown
from seeds. That is, the branches of a Crawford

peach tree, for example, differ amongst themselves

in size, shape, vigor, productiveness, and season of
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maturity, the same as any two or more separate

Crawford trees, or any number of trees of other

varieties, differ the one from the others. If any

one of these branches or buds is removed and is

grown into an independent tree, a person could

not tell— if he were ignorant of its history— if

this tree were derived from a branch or a seed.

This proves that there is no essential unlikeness

between branches and independent plants, except

the mere accident that one grows upon another

branch or plant whilst the other grows in the

ground. But the branch may be severed and

grown in the ground, and the seedling may be

pulled up and grafted on the tree, and no one

can distinguish the different origins of the two.

And then, as a matter of fact, a very large pro-

portion of our cultivated plants are not distinct

plants at all, in the sense of being different crea-

tions from seeds, but are simply the results of

the division of branches of one original plant or

branch. All the fruit trees of any one variety

are obtained from the dividing up and multiplica-

tion of the branches of the first or original tree.

You are now curious to know how this orig-

inal tree came to be, and this I hope to tell

you before I am done ; but for the present, let

me impress it upon you that it is equally possi-

ble for it to have come from a seed, or to have

sprung from a branch which some person had
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noticed to be very different from the associated

branches in the tree-top. In other words, the

ultimate unit or individual of variation is the

bud and the bit of wood or tissue to which it is

attached ; for every bud, like every seed, pro •

duces an offspring which can be distinguished

from every other offspring whatsoever.

II. The Causes of Individual Differences.

We have now gotten back to the starting-point,

to that unit with which nature begins to make
her initial differences or individualities ; that is,

to the point where variations arise. This unit

is the bud and the seed,— one sexless, or the

offspring of one parent ; the other sexual, or the

offspring of two parents. Now, inasmuch as

the horticultural variety is only a well-marked

variation which the gardener has chanced to

notice and to propagate, it follows that the only

logical method of determining how garden vari-

eties originate is to discover the means by which

plants vary or differ one from another.

There is probably no one fact of organic nature

concerning the origin of which modern philoso-

phers are so much divided as the genesis or

reasons for the beginnings of variations or dif-

ferences. It seems to be an inscrutable problem,

and it would be useless, therefore, for us to at-
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tempt to discover these ultimate forces in the

present hour. Still, we must give them sufficient

thought to enable us to satisfy our minds as to

how far these variations may be produced by

man ; and, in doing this, we must discover at

least the underlying philosophy of plant variation.

It is the nature of organisms to be unlike their

parents and their birthmates. Why?

a. Fortuitous Variation.

It will probably never be possible to refer every

variation to a distinct cause, for it is probable that

some of them have no antecedent. If we con-

ceive of the forms of life as having been created

with characters exactly uniform from generation

to generation, then we should be led to look for

a distinct occasion or cause for every departure

from the type ; but we know, as I have already

pointed out, that heredity by its very nature is

not so exact as to carry over every attribute, and

no other, of the parent to the offspring. Elas-

ticity, plasticity, is a part of the essential consti-

tution of all organic beings. There is probably

no inherent tendency in organisms towards any

ultimate or predetermined completion of form, as

the older naturalists supposed, but simply a laxity

or indefiniteness of constitution which is expressed

in numberless minor differences in individuals.
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That is, some variation is simply fortuitous, an

inevitable result of the inherent plasticity of

organisms, and it has no immediate inciting

cause. If we were to assume that every minor

difference is the result of some immediate cause,

then we should expect every individual plant or

animal to fill some niche, to satisfy some need, to

produce the definite effect for which the cause

stands. But it is apparent to one who contem-

plates the operations of nature that very many—
certainly more than half— of the organisms which

are born are not useful to the perpetuity of the

species and very soon perish. From these fortui-

tous variations nature selects, to be sure, many
individuals to be the parents of other generations

because they chance to be fitted to live, but this

does not affect the methods or reasons of their

origin. It is possible that, whilst many of these

mere individual differences have no direct and

immediate cause, they may still be the result of a

devious line of antecedent causes long since so

much diffused and modified that they will remain

forever unrecognizable ; but even if so, the fact

still remains that these present differences or

variations may be purposeless, and it is quite as

well to say that they exist because it is a part

of the organic constitution of living things that

unlike produces unlike.
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b. Sex as a Factor in the Variation of Plants.

All plants have the faculty, either potential or

expressed, of propagating themselves by means

of buds, or asexual parts. This is obviously the

cheapest and most direct possible method of propa-

gation for many-membered plants, since it requires

no special reproductive organization and energy,

and, as only one parent is concerned in it, there

is none of the risk of failure which resides in any

mode of propagation in which two parents must

find each other and form a union. There must

be some reason, therefore, for the existence of

such a costly mechanism as sex aside from its use

as a mere means of propagation. It may be said

that it exists because it is a means of more rapid

multiplication than bud-propagation, but such is

not necessarily the fact. There are many plants

which produce buds as freely as they produce

seeds ; and then, if mere multiplication were the

only destiny of the plant, bud-production would

no doubt have greatly increased to have met the

demand for new generations. The chief reason

for the existence of sex in the vegetable world

seems to be the need for a constant rejuvenation

and modification of the offspring by uniting the

features of two individuals into one. There thus

arises from every sexual union a number of new
or different forms from which nature may select
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the best,— that is, those best fitted to live in the

conditions in which they chance to be placed.

But whilst sex is undoubtedly one of the most

potent sources of present unlikenesses, it is not

necessarily an original cause of individual differ-

ences, since the two parties to any sexual con-

tract must be unlike before they can produce

unlike. When once the initial unlikenesses were

established, every new sexual union would pro-

duce new combinations, so that now, when every

new form, from whatever source it appears, comes

into existence, there are other intimately related

forms with which it may cross. This state of

things has existed to a greater or less degree from

the moment sex first appeared, so that the organic

world is now endlessly varied as the result of a

most complex ancestry.

The variety which sexual union has introduced

into the world performs such an important part in

the evolution of the forms of plants, and the prob-

lems which it presents are so complex, that I shall

leave the Avhole subject for an independent dis-

cussion (Lecture II.).

c. Physical Environment and Variation.

Every phase and condition of physical circum-

stances, which are not absolutely prohibitive of

plant life, have plants which thrive in them.
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Every soil and climate, every degree of humidity,

hills, swamps, and ponds,— every place is filled

with plants. Even the trunks and branches of

trees support other plants, as epiphytes and para-

sites. That is, plants have adapted themselves to

every physical environment ; or, to turn the propo-

sition around, every physical environment pro-

duces adaptive changes in plants. There are

those, like Weismann and his adherents, who
contend, from purely speculative reasons, that

these changes do not become hereditary or perma-

nent until they have influenced a certain physio-

logical substance which is assumed to reside in

the reproductive regions of the organism, and

that all those changes which have not yet reached

this germ-plasm are, therefore, lost, or die with

the organism. It is not necessary to combat this

philosophy, for we know, as a matter of common
horticultural experience, that every change or va-

riation in any organism— unless it proceeds from

mere accident or mutilation— may become heredi-

tary or be the beginning of a new variety ; it is

only necessary, therefore, for the Weismannians to

assume— as they are always ready to do— that

any variation which has become fixed or permanent

has already affected the germ. Their assumption

needs only another assumption to prove it, and,

therefore, when we are considering merely plain

matters of fact and experience, we need give little



14 FACT AND PHILOSOPHY OF VARIATION.

attention to the subtleties of this Neo-Darwinian

philosophy.

Weismann teaches that "acquired characters,"

or those variations which first appear in the life-

time of the individual because of the influences of

environment, are lost, because they have not yet

affected the reproductive substance. But if these

characters are induced by the effect of impinging

environment during two or more generations, they

may come to be so persistent that the plant can-

not throw them off, and they become, thereby, a

part of the hereditary and non-negotiable prop-

erty of the species. Now, it is apparent that in

one or another of the generations which are thus

acted upon by the environment, there must be a

beginning towards the fixing or hereditable per-

manency of the new form, and we might as well

assume that this beginning takes place in the first

generation as in the last, since there can be no

proof that it does not take place in either one.

The tendency towards fixity, if it exists at all,

undoubtedly originates at the very time that the

variation itself originates, and it is only sophistry

to assume that the form appears at one time and

the tendency towards permanence at another time.

Since plants fit themselves into their circumstances

by means of adaptive variations, we must con-

clude that all adaptive variations have the power

of persisting, upon occasion.
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All these remarks, whilst somewhat abstruse,

have a most important bearing upon the phi-

losophy of the origin of garden varieties, because

they show, first, that changes in the conditions in

which plants grow introduce modifications in the

plants themselves, and second, that wherever any

modification occurs it is probable that it may be

fixed and perpetuated.

It is necessary, at this point, that we distin-

guish between natal and post-natal variations

;

that is, between those variations which are born

with plants, and those which appear, as a result of

environment, after the plant has begun to grow.

It is commonly assumed that the form and general

characters of the plant are already determined in

the seed, but a moment's reflection will show that

this is far from the truth. One may sow a hun-

dred selected peas, for instance, all of which may
be alike in every discernible character. If these

are planted in a space a foot square, it will be

found, after two or three weeks, that some indi-

viduals are outstripping the others, although all

of them came up equally well and were at first

practically indistinguishable. This means that,

because of a little advantage in food or moisture,

or other circumstance, some plants have obtained

the mastery and are crowding out the less fortu-

nate ones. Here is a variation taking place before

our very eyes, and we may be able to see the exact
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cause of it. Moreover, variations which originate

in this way may pass down to the offspring

through the seeds, as in the case of " viney " peas,

which are grown on too rich soil. All this is a

matter of the commonest observation with the

gardener, who is so accustomed to seeing great

differences arise in batches of plants, all of which

start equal and with an equal chance, that he

never thinks to comment upon the occurrence.

In fact, the theory and practice of agriculture

rest upon the fact that plants can be modified

greatly by the conditions in which they grow,

after they have become thoroughly established in

the soil. Plants may start equal, but may differ

widely at the harvest ; and this difference may be

controlled to a nicety by the cultivator. Every

farmer knows, too, that the best results for the

succeeding year are to be got only when he selects

seeds from the best which he has been able to pro-

duce this year. So, given uniformity or equality

at the start, the operator moulds the individual

plants largely at his will.

Having noticed that physical environments ma v

modify plants, we are now ready to consider just

what changes in these circumstances of plant life

are most fruitful in the production of new forms.

1. Variation in Food Supply. — The greater

part of the changes in the physical conditions

of life hinge upon the relative supply of food.
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Climbing plants assume their form because, by
virtue of the divergence of character, they are

enabled to lit themselves into places which other

plants cannot occupy. They rear their foliage

into the air, where food and sunlight are unappro-

priated. The lower branches of the tree-top die,

and the others thereby appropriate the more food

and grow the faster. The entire practice of agri-

culture is built upon the augmentation of the

food supply. For this purpose, we set the plants

in isolated positions, we till the ground, keep

down other plants or weeds, add plant food to

the soil, and prune the tree and thin the fruit.

Thomas Andrew Knight, the chief of horticul-

tural philosophers, appears to have been the first

to clearly enunciate the law that excess of food

supply is the most prolific cause of the variation

of plants. Darwin subscribes to it without re-

serve :
" Of all the causes which induce varia-

bility, excess of food, whether or not changed in

nature, is probably the most powerful." Alex-

ander Braun, an earlier philosophical writer on

natural history, said that "it appears rather, on

the whole, as if the unusual conditions favor-

able to a luxuriant state of development, afforded

by cultivation, awakened in the plant the inward

impulse to the display of all those variations pos-

sible within the more or less narrowly circum-

scribed limits of the species." It is generally
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agreed by those who have given the matter much
thought, that an excess of food above the amount

normally or habitually received is one of the very

chief, if not the most dominant, causes of indi-

vidual differences in plants. Certainly every

farmer and gardener knows that the richer the

soil in available plant food, the stronger and the

more abnormal and unusual his product will be.

If, then, excess of food supply is a strong factor

in the modification of plants, and if the one fun-

damental aim of agriculture is to supply food in

excess of natural conditions, it must naturally

follow that cultivated plants should be of all

others the most variable. This is notably true.

Now, the first variation which usually comes of

this liberal food supply is increase in mere big-

ness. Probably every plant which has ever been

cultivated has increased its stature or the size of

some or all of its parts. Moreover, this is gener-

ally the direct object of cultivation,— to secure

larger herbage, fruits, seeds, or flowers. Inci-

dentally, we find here an indubitable proof of the

truth of the hypothesis of evolution, for if it were

impossible for plants to vary or to assume new
characters, there would be no cultivation and no

agriculture; for there would be little object in

cultivating a product if it grew equally well in

the wild.

This variation into mere bigness is more impor-
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tant than it may seem at first sight. All thought-

ful horticulturists agree in believing that the first

thing to be done in ameliorating any plant is to

"break the type," that is, to cause it to vary.

The particular direction of variation is not so

important, at first; for all experience has shown

that if once the seedlings of a plant begin to

depart from the parental type, other and various

modifications will soon follow. If a plant is once

strongly modified in size, variations in shape,

color, flavor, or other attributes are forthcoming.

This apparent accumulation of variation seems at

first to be incapable of scientific explanation, but

the reasons for it are not difficult to understand

when once they are presented.

When plants are placed in new conditions,

whether in the wild or in cultivation, then they

begin to vary, but usually only in one direction

at first, although the amount of the variation, and

sometimes the kind, is determined very largely

by the nature and the extent of the change in the

conditions. This initial variation, particularly

when plants are transferred to cultivated areas,

is generally in the direction of greater size con-

sequent upon the greater amount of food. This

initial variation is generally soon followed by

others in various directions, and from these the

cultivator may be able to establish new varieties.

We now ask ourselves why these many variations
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appear when once the type begins to modify itself.

Consider the fact that the world is now full of

plants. In untamed nature, not one more plant

can grow unless another plant dies. All plants,

therefore, are held down to narrow limits of num-

bers, and since there are so few individuals,—
in comparison with the seeds and buds which

each plant produces for the chance of multiplying

itself,— there must be, also, few kinds and degrees

of individual differences. The farther and more

freely a plant distributes itself, the greater must

be the differences between the various individuals,

because they must adapt themselves to a wider

range of conditions. All plants are held in equi-

librium, so to speak; but the plant organism is

plastic by nature and quickly responds to every

touch of environment; so, as soon as the pressure

is removed in any direction, the plant at once

springs into the breach. Recall the monotonous

vegetation of the deep forest, where the battle

of centuries has subdued all but the strongest.

Clear away the forest, and then observe the

fierce scramble for place and life amongst a multi-

tude of forms which, spring in for an opportunity

to better their conditions. In a few years more,

the tender low herbs have gone. The briars and

underbrush have usurped the land. As time goes

on, one species after another perishes, and when
the place is again reforested, two or three species
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hold undisputed sway over the land. The pop-

lars which followed the pines have long since per-

ished and pines again dominate the forest. Or,

if the area were turned to pasture a few years

after the woods were removed, the herbs and

bushes die with the browsing, and in time the

June grass covers the whole landscape with the

mantle of conquest. So plants may be said to

be always ready to fill new places in the polity

of nature by adapting themselves to the new cir-

cumstances as they grow into them. The appear-

ing of any one marked variation, therefore, is

evidence that the plant has found a new condi-

tion, that the pressure is somewhat lifted, and

that its whole plastic organization will soon re-

spond to the new environment. It is apparent,

then, how the simplest and rudest cultivation has

been able, through the centuries, to so profoundly

modify our domestic plants that we are often

unable to recognize the forms from which they

sprung.

We must not forget to notice, at this point,

that the food supply differs amongst the various

branches of the same plant. Some branches, by
reason of position with reference to the main

trunk or with reference to air and sunlight, or,

because of a better start in the beginning as a

result of some incidental advantage, gain the

mastery over others and crowd them out. We
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have already seen that no two branches on a plant

are alike ; and we are now able to understand that

sports or bud-varieties are no more inexplicable

than seed-varieties are.

Cultivation is really but an extension or intensi-

fication of nature's methods of dealing with the

plant world. The ultimate object of both nature

and man is to supply more food. The variations

which arise from the effects of mere cultivation,

therefore, are in kind very like those which nature

produces, the chief difference being that of degree.

The accustomed operations of the farmer, there-

fore, have been powerful agents in the evolution

of vegetable forms. The ways in which cultiva-

tion affords a more liberal food supply are as fol-

lows :
—

1. By isolating the individual plant. The

husbandman sets each plant by itself, and then

protects it by destroying the weeds or plants

which endeavor to crowd it out. There is a

partial exception to this in the "sowed crops,"

like the grains, and it is noticeable that variation

in these plants is usually less marked than in the

"hoed crops."

2. By giving the plant the advantage of posi-

tion, whereby it is allowed the most congenial

exposure to sun and contour of land.

3. By increasing the fertility of the soil, either

by tillage or the direct application of plant
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food, or both. Rich and moist soils tend to

" break " the type,— or to cause initial varia-

tions,— to produce verdant colors and loss of

saccharine and pungent qualities, to induce re-

dundant growth, and to delay maturity and

thereby to render plants tender to cold winter

climates.

4. By thinning the tops of plants and the

fruits, whereby the remaining parts receive an

amount of food in excess of the habitual allow-

ance.

5. By divergence of character in associated

plants. It is well known that a field which is

planted so thickly to corn that it cannot grow
more with profit, may still grow pumpkins be-

tween. The pumpkins and the corn are so unlike

in form that they complement each other, the one

filling the niche which the other is not fitted to

occupy. We have already seen that a copse ever

so full of bushes may still grow vines. A meadow
which is full of timothy may still grow clover

in the bottom, and land which is covered with

apple trees still grows weeds beneath. " The
more diversified the descendants from any one

species become in structure, constitution, and

habits," writes Darwin, "by so much will they

be better enabled to seize on many and widely

diversified places in the polity of nature, and so

be enabled to increase in numbers,"
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2. Variation in Climate. — The fact that any

distinct climatic region usually has plants which

are very closely related to those of other climatic

regions in the same zone, points strongly to the

probable profound modification of plants by cli-

mate. And, furthermore, we should expect that if

the food environment modifies plants, the climatic

environment must have the same power. More-

over, there is abundant historical and experimental

proof that climate is capable of greatly modifying

the vegetable kingdom. There are those who
contradict any great effect of climate in the varia-

tion of plants, and acclimatization has been even

stoutly denied. These persons make the mistake

of asking that a visible modification take place at

once upon the transfer of a plant from one climate

to another, and they also err in supposing that a

plant can adapt itself to a cold climate only by
developing a capability to withstand more cold.

Indian corn is sometimes cited as proof that

plants do not become acclimatized, for it is as

tender to frost now as ever, for all that Ave know.

Yet this very plant affords a most unequivocal

example of complete acclimatization, because it

has shortened its period of growth fully one-half

to enable it to escape the cold of the north.

The influence of a change of climate upon
plants, or, what may amount to the same thing,

the result of a transfer of plants to new climates,
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is so complex and so general that no detailed dis-

cussion of the subject can be made at this time.

It will answer our present purpose to briefly

designate the ways in which climate modifies

plants :
—

1. Climate greatly modifies the stature of plants.

They become dwarfer in high latitudes and alti-

tudes.

2. It modifies form. Plants tend to be broader-

headed, and also more prostrate, in high latitudes

and altitudes.

3. Proportionate leanness generally increases,

at the same time.

4. There is, also, often a gain in comparative

fruitfulness following transfer towards the poles.

5. The colors of leaves, flowers, fruits, and

seeds are greatly influenced by climate, there

being a general tendency, in plants of temperate

regions, to augmentation in intensity of colors as

they are carried towards the poles.

6. There is modification in the flavor and es-

sential ingredients of various parts, following a

change of climate.

7. There is a variation in variability itself. The
more difficult the climate in which a plant finds

itself, the more it tends to vary to meet the uncon-

genial environments. In the high north, many
plants are so variable that the marks used to iden-

tify the species in other latitudes are often lost.
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8. There may be a profound variation or modi-

fication in constitution and habit by which plants

become acclimatized, or enabled to endure a cli-

mate at first injurious to them. This may occur

by a variation in the constitution of the descend-

ants, which enables them to endure directly more

untoward conditions. It generally comes about,

however, through a change in habit, by which

plants, when transferred towards the poles, shorten

their season of growth or even become annuals.

Plants become more sensitive to spring tempera-

tures in cold climates, so that they start relatively

much earlier in the season— that is, at a lower

sum-temperature— than they do in warm climates.

Any one who has passed the springtime in both

the North and South must have noticed how much
more suddenly the vegetation comes forward in

the North; and it is surprising how the spring-

sowed crops accelerate their growth in the North

over those in the South.

The characters which result from a change of

climatic environment are peculiarly within the

control of the agriculturist, for a leading factor

in his business is the transfer of plants far and

wide over the earth. So it has come that the

staple varieties of the important grains and fruits

are unlike in Europe and America and in all great

geographical areas, although all the various forms

may have sprung from one ancestor within historic
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times. A new country is stocked with varieties

from the mother country ; but in the course of

a few generations it is found that the varieties

in cultivation are unlike the ones originally in-

troduced, and from which they came. As wild

plants have become separated from each other as

species in the different geographical regions, so

the cultivated plants soon begin to folloAv similar

lines of divergence. In the beginning of the colo-

nization of this country, for example, all the vari-

eties of apples were of European origin. But in

1817, over sixty per cent of the apples recommended

for cultivation here were of American origin, that

is, American-grown seedlings from the original

stock. At the present time, fully ninety per cent

of the popular apples of the Atlantic states are

American productions. The northern states of

the Mississippi valley, to which most of our east-

ern apples are not adapted, are now witness-

ing a similar transformation in the adaptation

and modification of the varieties introduced

from the East and from Russia. The newly

introduced Japanese plums are conceded to be

great acquisitions to our fruit-growing, but no

doubt the best results are yet to come with the

origination of domestic varieties of them. So

there is an irresistible tendenc}^ towards a di-

vergence of forms in different continental or

geographical regions, and much of the inevi-
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table result is no doubt chargeable to climatic

environment.

3. Change of seed. Bud-variation. — I will

pause for a moment to consider two agencies or

phenomena which are often associated with the

genesis of varieties. One of these is the fact

that the simple change of seed from one locality

to another generally gives a larger or better

product or even more marked variation. Mere

transfer of seed is not of itself, however, a cause

of variation. The change is beneficial because

it fits together characters and environments which
|

are not in equilibrium with each other. A plant

which is grown for several years in one set of con-

ditions becomes fitted into them, so to speak, and

is in a comparative state of rest. When the plant

or its progeny is taken to other conditions, all the

adjustments are broken up, and in the refitting to

the new circumstances new or strange characters

are apt to appear. We shall leave this subject

for the present, expecting to give it a fuller

treatment in the second lecture.

Bud-variation, or sport, is a name given to

those branches which are so much unlike the

normal plant in any particular that they attract

attention. Many garden varieties are simply

multiplications of such abnormal branches. This

bud-variation is commonly held to be such an

unusual and inexplicable phenomenon that it is
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considered apart from all the general discussions

of variation. It is not, of course, a cause of vari-

ability, but simply an effect of some antecedent,

the same as seed-variation is. We have already

seen that all the different branches, or even joints,

of any plant are, in a very important sense, dis-

tinct individuals, since every one develops its

own organs, each is capable of reproducing itself

independently, and each is unlike every other

because it is acted upon differently by environ-

ment and food supply. It is not strange, there-

fore, that some of these individuals should now
and then depart very widely from the ordinary

type, and thereby attract the attention of a gar-

dener, who would forthwith make cuttings or set

grafts from the part. Every branch is a bud-

variety, just as truly as every seedling is a seed-

variety,— since no seedling is ever exactly like its

parent,— and there should be no greater mystery

connected with the sports of buds than there is

with the variations from seeds, for the causes

which produce the one may be and are equally ^y
competent to produce the other.

d. Struggle for Life a Cause of Variation.

We have seen that the world is full of plants.

There is room for more only as the present indi-

viduals die. Yet nearly every species produces
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a great number of seeds, and makes a most stren-

uous effort to multiply its kind. Any one plant,

if left to itself, is capable of covering the earth in

a comparatively short time. A fierce struggle for

a chance to live is therefore inevitable. This con-

flict is most apparent to the general observer in

the springtime, when every "herb yielding seed

after his kind, and the tree yielding fruit, whose

seed was in itself, after his kind," are sending

forth a host of sturdy offspring. The very land

seems to be pregnant with weeds and aspiring

young growths. But by midsummer the num-
bers may be less. The weaker and less fortunate

ones have perished, and the victors have waxed
stronger thereby. The annual and half of the

biennial species complete their course upon the

approach of winter, and the older perennial herbs

are becoming weak; so in the succeeding spring-

time there is again a fierce combat for the vacant

places.

One of the results of this conflict is the adjust-

ment of plants to each other. We have seen how
the climbing plant insinuates itself in amongst the

shrubberies and ties them together in an impene-

trable tangle in order that it, itself, may have a

chance to live. So the low plants of the deep

forest are such as have been plastic enough to

adapt themselves to the damp shades. Thus
plants have developed companionships or diver-
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gences in characters, by means of which, under

the stress of circumstances, they are able to live

together. Plants have adapted themselves to

other plants as truly as they have adapted them-

selves to soil or climate ; and if these latter en-

vironments are ever the sources or causes of

variation, then the first must be also. I must

look upon the struggle for existence, therefore,

as itself a cause of individual differences, since

we know that any continued pressure from with-

out awakens an adaptive response in the form of

the vegetable organism.

III. The Choice and Fixation of Varia-
tions.

We have now seen that every living object is

unlike every other. In plants, even every branch

is unlike any other branch. We have endeav-

ored to discover some of the causes of these uni-

versal differences. We have found that they

are intimately associated with the welfare of the

type or species, inasmuch as they appear, for

the most part, to be the means of fitting the

plant to live in the conditions in which it is

placed. But we have also seen that there are

more individuals than can find a place to live.

How, then, does nature choose the best from the

poorest, and, having chosen them, how does she
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endeavor to fix them, or to make them more or

less stable ?

" This preservation of favorable individual dif-

ferences and variations, and the destruction of

those which are injurious, I have called Natural

Selection or the Survival of the Fittest." This

is the philosophy which was propounded by Dar-

win, and which will carry his name to the last

generation of men. It looks simple enough.

Those forms which are best fitted to live, do live,

because they crowd out the others. Yet, this

simple principle of natural selection 'was the first

explanation of the process of evolution which

seemed to be capable of interpreting the complex

phenomena of the forms of organic life. For a

time, this philosophy was thought to be the one

fundamental motive of the evolution or progres-

sion of life, but we are now convinced that there_

are other motives or forces at work ; but it seems
j

to be indisputable that natural selection is the

chief force underlying the evolution of plants^J

and it is the only one with which the person who
desires to breed plants need intimately concern

himself.

We must now determine what a variety is. This

is a vexed question, and one which seems never to

be capable of an answer which is satisfactory to

the gardener. Time and again, some person has

introduced what he considered to be a distinct new
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variety, only to find that other horticulturists dis-

pute him and declare that it is only some old vari-

ety renamed. And yet the introducer knows that

he has not renamed an old variety, but that he has

simply propagated a form which appeared or origi-

nated upon his own grounds.

Now, let us see. Nature starts out with the

individual to make a new form. Every individual

is unlike every other one. When the individual

differences are so well marked that we can readily

describe and distinguish them, and so permanent

that they pass down nearly intact to a few genera-

tions, we say that Ave have a variety. If the differ-

ences are still more marked, we say that we have a

species. Where the variety ends and the species

begins it may be utterly impossible to determine ;

so we mark off at a certain point and say, arbi-

trarily, that this much is variety and that much
is species. Asa Gray once said to me that " species

are judgments." Now, if there is no hard and

fast line between the variety and the species, so

there is none between the individual and the vari-

ety ; for a variety is only the family of descendants

from some one individual. That is, the idea of

variety or species rests upon difference, but just

how much difference shall constitute one grade or

another is a matter of individual opinion. So,

when two gardeners cannot agree as to whether a

given introduction is a new variety or not, they
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are having just the same difficulty that two botan-

ists have when they cannot decide whether two

plants are two species or one.

It is apparent, then, that every individual plant

is a distinct variety, only that the differences be-

tween it and other individuals may be so slight

that they have no practical utility and cannot be

described and recorded. Just as soon as an indi-

vidual plant has characters so unlike its kin that

it has some commercial value, then the plant will

be increased by cuttings or grafts or seeds, the

brood of offspring will be given a name, and a new

variety is born.

Individuals with the same general features may
appear simultaneously in two or more places, and

two or more men may propagate, name, and intro-

duce them. When they are all brought together

and compared, it will be said that they are all the

same variety, that, according to the rules of nomen-

clature, the brood which chanced to be named first

must " stand "or be held to be the type of the

variety, and that the other names ,
must become

synonyms. Yet some person may discover minor

differences in them and demand that the varieties

be kept distinct. So the see-saw goes on— a vari-

ety is a variety so long as it answers some purpose

in use or trade, and it is not a variety when it is so

much like some other variety that it has no merit

which the other does not possess.
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As soon as a plant appears with some feature

which is more desirable than anything which has

preceded it, therefore, it may be made the begin-

ning of a new variety. Man chooses it, and then

propagates it. This is human selection. If nat-

ure did the same, it would be natural selection.

Now, how does nature preserve or fix this type ?

She does not preserve it ! She simply chooses it

as a beginning and gradually modifies it and shapes

it into the form which she needs. She has no per-

manent forms. There is a general onward pro-

gression of every type either towards other types

or towards extinction. We have seen that nature

is constantly choosing and selecting. If she selects

an individual for the beginning of a race, then

she selects just as keenly from every offspring of

that individual, and so on to the end of time. The
process never stops. So nature fixes her forms by

keeping them moving, growing, constantly develop-

ing farther away from their beginnings.

Now, man does the same thing. A plant in a

cabbage row pleases him. It has a solid, small

head and stout stem. He stores it away for seed.

Amongst the offspring, perhaps fifty per cent are

as good as the parent. These are saved. So the

process goes on, from season to season. In four

or five generations of plants, he finds that ninety

per cent of the seeds "come true." Then he

names it and introduces it. It is well advertised
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in the seed catalogues. Many people buy the

seeds. Some of these persons will grow their

own seed, and every one of them has a different

ideal in mind when selecting the seed parents.

So, in the course of a few years, it is found that

there are really several more or less different

forms going under the same name. Some person

may observe this difference and legitimately in-

troduce one or more of the forms as distinct

varieties. Some other person, however, who has

known the history of the stock and who is not

aware that varieties pass into other forms, objects

to the new names and declares that the introducer

is imposing upon the public.

This is the history of ninety-nine out of every

hundred varieties which are habitually propa-

gated by seeds, like the kitchen-garden vege-

tables and the annual flowers. Some peculiar

individual, appearing we know not why, is dis-

covered, and seeds are saved and selection—
perhaps unconscious selection— begins. After

a time the variety is broken up into several, or

else, if it varies only slightly into divergent

forms, the whole body or generations of the

variety move onward, gradually departing from

the initial type until it is no longer the same,

although it may still bear the same name. The
life of seed-varieties, in their pure and original

form, is very short. Even the best of them are
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usually measured by one or two decades. They
run out or pass out by variation, into other forms.

The Trophy tomato is not the Trophy tomato

which was introduced over twenty years ago,

although it bears the old name and is a direct

descendant of the first stock.

In plants multiplied by buds— that is, by bud-

ding, grafting, cuttings, tubers, and the like—
there is less variation in the offspring than in

those propagated by seeds. Yet we have seen

that no two Baldwin apple trees— all of which

are but divisions, more or less remote, of the one

original tree— are alike, and now and then one

branch of a fruit tree may " sport," or develop a

strange bud-variety. We know, too, that the

same variety of fruit tree takes on different

characters in different geographical regions, so

that the Greening apple is no longer the Green-

ing of Rhode Island in the West and South. So,

it is apparent that even when we divide a plant

into many parts and distribute the members far

and wide, and when there is no occasion for con-

cerning ourselves with fixing the type,— even

here there is variation. In some cases, particu-

larly in those in which we multiply the plant by

dividing abnormally developed parts, there is a

tendency to scatter or to vary in many directions,

and also a tendency to run out by degeneration.

This is admirably true of the potato, varieties of
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which, in ten years or less, become so mixed in

their characters, through rapid variation and de-

terioration, that we must return to seedling pro-

ductions for a new start.

Man is only rarely the direct means of originat-

ing variations. He finds them amongst the normal

plants of the field and garden. His skill and

science are exercised in the selection and so-called

breeding of the offspring, more than in the original

genesis of the new form. It is usually only in those

plants which he multiplies by simple division that

he gains much direct profit by crossing or hybridiz-

ing. It is the slow and patient care and selection,

day by day, which permanently ameliorate and

improve the vegetable world. Nature starts the

work ; man may complete it.

It is now generally believed that species in

nature sometimes originate suddenly, by means

of " leaps." In fact, the recent De Vriesian view

is that real species so originate, and the steps

whereby a new species comes into existence are

called mutations (see Lecture IV.). However
this may be, it is nevertheless true that these mu-

tations are yet beyond the power of man directly

to produce. Selection is still a powerful agent

with which to ameliorate domestic plants.



LECTURE II.

THE PHILOSOPHY OF THE CROSSING OF PLANTS,
CONSIDERED IN REFERENCE TO THEIR IMPROVE-
MENT UNDER CULTIVATION.

I. The Struggle for Life.

It is now understood that the specific forms or

groups of plants have been determined largely by

the survival of the fittest in a long and severe

struggle for existence. The proof that this strug-

gle everywhere exists becomes evident upon a

moment's reflection. We know that all organisms

are eminently variable. In fact, no two plants or

animals in the world are exactly alike. We also

know that very few of the whole number of seeds

which are produced in any area ever grow into

plants. If all the seeds produced by the elms

upon Boston Common in any fruitful year were to

grow into trees, this city would become a forest as

a result. If all the seeds of the rarest orchid in

our woods were to grow, in a few generations of

plants even our farms would be overrun. If all

the rabbits which are born were to reach old age,

and all their offspring were to do the same, in less

than ten years every vestige of herbage would be

39
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swept from the country, and our farms would

become barren. There is, then, a wonderful latent

potency in these species ; but the same may be

said of every species of plant and animal, even of

man himself. If one species of plant would over-

run and usurp the land if it increased to the full

extent of its possibilities, what would be the result

if each of the two thousand and sixty-one plants

known to inhabit Middlesex County were to do the

same ? And then fancy the result if each of the

animals, from rabbits and mice to frogs and leeches,

were to increase without check ! The plagues of

Egypt would be insignificant in the comparison !

The fact is, the world is not big enough to hold

the possible first offspring of the plants and ani-

mals at this moment living upon it. Struggle for

existence, then, is inevitable, and it must be severe.

It follows as a necessity that those seeds grow or

those plants live which are best fitted to grow and

live, or which are fortunate enough to find a con-

genial foothold. It would appear, at first thought,

that much depends upon the accident of falling

into a congenial place, or one unoccupied by other

plants or animals ; but, inasmuch as scores of

plants are contending for every unoccupied place,

it follows that everywhere only the fittest can

germinate or grow. In the great majority of cases,

plants grow in a certain place because they are

better fitted to grow there, to hold their own, than



STRUGGLE FOR EXISTENCE. 41

any other plants are ; and the instances are rare in

which a plant is so fortunate as to find an un-

occupied place. We are apt to think that plants

chance to grow where we find them, but the chance

is determined by law, and therefore is not chance.

Much of the capability of a plant to persist

under all this struggle depends, therefore, upon

how much it varies ; for the more it varies the

more likely it is to find places of least struggle.

It grows under various conditions,— in sun and

shade, in sand and clay, by the sea-shore or upon

the hills, in the humidity of the forest or the

aridity of the plain. In some directions it very

likely finds less struggle than in others, and in

these directions it expands itself, multiplies, and

gradually dies out in other directions. So it

happens that it tends to take on new forms, or to

undergo an evolution. In the meantime, all the

intermediate forms, which are at best only indif-

ferently adapted to their conditions, tend to dis-

appear. In other words, gaps appear which we

call " missing links." The weak links break and

fall away, and what was once a chain becomes a se-

ries of rings. So the " missing links " are amongst

the best proofs of evolution.

The question now arises as to the cause of these

numerous variations in animals and plants. Why
are no two individuals in nature exactly alike?

The question is exceedingly difficult to answer.
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It was once said that plants vary because it is

their nature to vary ; that variation is a necessary

function, as much as growth or fructification.

This really removes the question beyond the reach

of philosophy ; and direct observation leads us to

think that some variation, at least, is due to ex-

ternal circumstances. (See Lecture I.) We are

now looking for the cause of variation as a part of

the scheme of evolution ; and we are wondering if

the varied surroundings, or, as Darwin put it, the

" changed conditions of life," may not actually

induce variability. This conclusion would seem

to follow from the fact of the severe and universal

struggle in nature whereby plants are constantly

forced into new and strange conditions. But there

is undoubtedly much variation which has sprung

from more remote causes, one of which it is my
purpose to discuss here.

II. The Division of Labor.

In the lowest animals and plants— which are

simply single cells— the species multiplies by

means of simple division or by budding. One in-

dividual, of itself, becomes two, and the two are

therefore recasts of the one. But, as organisms

multiplied and conditions became more complex,

that is, as struggle increased, there came a differen-

tiation in the parts of the individual, so that one
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cell or one cluster of cells performed one labor

and other cells performed other labor; and this

tendency resulted in the development of organs.

Simple division, therefore, might no longer repro-

duce the whole complex individual ; and, as all

organs are necessary to the existence of life, the

organism may die if it is divided. Along with

this specialization came the differentiation into

sex ; and sex clearly has two offices : to hand over,

by some mysterious process, the complex organ-

ization of the parent to the offspring, and also to

unite the essential characters or tendencies of two

beings into one. The second office is manifestly

the greater, for, as it unites two organizations into

one, it insures that the offspring is somewhat un-

like either parent, and is therefore better fitted to

seize upon any place or condition new to its kind.

And as the generations increase, the tendency

to variation in the offspring may be constantly

greater, because the impressions of a greater num-

ber of ancestors are transmitted to it. I have said

that this office of sex to induce variation is more

important than the mere fact of reproduction of a

complex organization ; for it must be borne in

mind that the complexity of organization is itself

a variation and adaptation made necessary by the

increasing struggle for existence.

If, therefore, the philosophy of sex is to promote

variation by the union of different individuals, it
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must follow that the greatest variation must come

from parents considerably unlike each other in

their minor characters. Thus it comes that in-

breeding tends to weaken a type, and cross-breeding

tends to strengthen it. And at this point we meet

the particular subject which I am to present to

you. I have introduced you to this preliminary

sketch because I contend that we can understand

crossing only as we make it a part of the general

philosophy of nature. There are the vaguest

notions concerning the possibilities of crossing,

some of which I hope to correct by presenting the

subject in its relations to the general aspects of

the vegetable world.

We are now prepared to understand that crossing

is good for the species, because it constantly revi-

talizes offspring with the strongest traits of the

parents, and ever presents new combinations which

enable the individuals to stand a better chance of

securing a place in the polity of nature. The fur-

ther discussions of the subject are such as have to

do with the extent to which crossing is possible and

advisable, and the general results of the operation.

III. The Limits of Crossing.

If crossing is good for the species, which philoso-

phy and direct experiment abundantly show, it is

necessary at once to find out to what extent it can
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be carried. Does the good increase in proportion

as the cross becomes more violent, or as the parents

are more and more unlike ? Or do we soon find a

limit beyond which it is not profitable or even

possible to go,-—a point at which we say that " an

inch is as good as an ell " ? If great variability is

good for the species in the struggle for existence,

and if crossing induces variability because of the

union of unlike individuals, it would seem to follow

that the more unlike the parents are, the greater

will be the' variation in offspring and the more the

type will prosper ; and, carrying this thought to

its logical conclusion, we should expect to find that

the most closely related plants would constantly

tend to refuse to cross, because the offspring of

them would be little variable and therefore little

adapted to the struggle for existence ; while the

most widely separated plants would constantly tend

to cross more and more, because their offspring

would present the greatest possible degrees of dif-

ferences. We should expect, for instance, that a

Baldwin apple would be less likely to cross with a

Greening than it is to cross with a peach or a gourd.

And, if we should carry our thought a step farther,

we should at once see that this crossing between

different species would soon fill in all differences

between those species, and that definite specific

types would cease to exist. This would be pande-

monium, and crossing would be the cause of it

!
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Now, essentially this reasoning has been ad-

vanced to combat the evolution of plants and

animals by means of natural selection ; and this

proposition that intermixing must constantly tend

to obliterate all differences between plants and to

prevent the establishment of well-marked types,

has been called the " swamping effects of inter-

crossing." It is exceedingly important that we
consider this question, for it really lies at the

foundation of the improvement of cultivated plants

by means of crossing, as well as the persistence

and evolution of varieties and species under wholly

natural conditions.

We find, however, that distinctspecies, as a rule ,

refuse to cross ; and the first question which natu-

rally arises is, What is the immediate cause of the

refusal of plants to cross ? How does this refusal

express itself? It comes about in many ways.

The commonest cause is the positive refusal of

a plant to allow its ovules to be impregnated by

the pollen of another plant. The pollen will not

" take." For instance, if we apply the pollen of a

Hubbard squash to the flower of the common field

pumpkin, there will simply be no result,— the

fruit will not form. The same is true of the pear

and the apple, the oat and the wheat, and most

very unlike species. Or the refusal may come in

the sterility of the cross or hybrid : the pollen may
" take " and seeds may be formed and the seeds
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may grow, but the plants which they produce may
be wholly barren, sometimes even refusing to pro-

duce flowers as well as seeds, as in the instance of

some hybrids between the Wild Goose plum and

the peach. Sometimes the refusal to cross is due

to some difference in the time of blooming or some

incompatibility in the structure of the flowers. But

it is enough for our purpose to know that there are

certain characters in widely dissimilar plants which

prevent intercrossing, and that these characters are

just as positive and just as much influenced by

change of environment and natural selection as are

size, color, productiveness, and other characters.

Here. then, is the sufficient answer to the

proposition that intercrossing must swamp all

natural selection, and also the explanation of the

varying and often restricted limits within which

crossing is possible. That is. the checks to cross-

ing have been developed through the principle

of universal variability and natural selection,

has been shown by Darwin and Wallace. Plants

vary in their reproductive organs and powers just

the same as they do in other directions : and when

such a variation is useful it is perpetuated, and

when hurtful it is lost. Suppose that a certain

well-marked individual of a species should find an

unusually good place in nature, and it should mul-

tiply rapidly. Crosses would be made between

»wn offspring and perhaps between those off-
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spring and itself in succeeding years ; and it is

fair to suppose that some of the crosses would be

particularly well adapted to the conditions in

which the parent grew, and these would constantly

tend to perpetuate themselves, while less adaptive

forms would constantly tend to disappear. Now,

the same thing would take place if this individual

or its adaptive offspring were to cross with the

main stock of the parent species ; for all the off-

spring of such a cross which is intermediate in

character and therefore less adapted to the new con-

ditions would tend to disappear, and the two types

would, as a result, become more and more fixed and

the tendency to cross would constantly decrease.

The refusal to cross, therefore, becomes a posi-

tive character of separation, and the "missing

links " which result from crossing are no more

or no less inexplicable than the " missing links
"

due to simple selection ; or, to put the case more

accurately, natural selection weeds out the ten-

dency to promiscuous crossing, when it is hurtful,

in just the same manner that it weeds out any

other injurious tendency. It makes no difference

in what way this tendency expresses itself, whether

in some constitutional refusal to cross,— if such

exists,— or in infertility of offspring, or in differ-

ent times of blooming : all equally come under the

power of natural selection. We are apt to look

upon infertility as the absence of a character, a
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sort of a negative feature which is somehow not

the legitimate property of natural selection ; but

such is not the case. We are perhaps led the

more to this feeling because the word infertility

is itself negative, and because we associate full pro-

ductiveness with the positive attributes of plants.

But loss of productiveness is surely no more a sub-

ject of wonder than loss of color or size, if there is

some corresponding gain to be accomplished. In

fact, we see, in numerous plants which propagate

easily by means of runners and suckers, a very low

degree of productiveness, that is, infertility.

Now, if this reasoning is sound, it leads us to

conclusions quite the reverse of those held by the

advocates of the swamping effects of intercrossing,

and these conclusions are of the most vital impor-

tance to every man who tills the soil. The logical

result is simply this : the best results of crossing

are obtained, as a rule, when the cross is made be-

tween different individuals of the same variety,

or at farthest, between different individuals of the

same species. In other wTords, hybrids — or crosses

between species— are rarely useful in nature, and

it follows that the more unlike the species the less

useful will be the hybrids. This, I am aware, is

counter to the notions of most horticulturists, and,

if true, must entirely overthrow our common think-

ing upon this subject. But I think that I shall be

able to show that observation and experiment lead
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to the same conclusion to which our philosophy

has brought us.

IV. Function of the Cross.

a. The Gradual Amelioration of the Type.

At this point we must ask ourselves what we
mean by "best results." I take this phrase to

refer to those plants which are best fitted to sur-

vive in the struggle for existence, those which are

most vigorous or most productive or most hardy,

or which possess any well-marked character or

characters which distinguish them in virility from

their fellows. We commonly associate the term

more particularly with marked vigor and produc-

tiveness ; these are the characters most useful in

nature and also in cultivation, the ones which we
oftenest desire to obtain. Another type of varia-

tion which we constantly covet is something which

we can call a new character, which will lead to the

production of a new cultural variety, and we are

always looking to this as the legitimate result of

crossing. We have forgotten— if, indeed, we ever

knew— that the commoner, all-pervading, more

important function of the cross is to infuse some

new strength or power into the offspring, to improve

or to perpetuate an existing variety, rather than to

create a new one. Or, if a new one is created, it
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comes from the gradual passing of one into another,

an inferior variety into a good one, a good one into

a superlative one. So nature employs crossing in

a process of slow or gradual improvement, one step

leading to another, and not in any bold or sudden

creation of new forms. And there is evidence to

show that something akin to this must be done to

secure the best and most permanent results under

cultivation. The notion is somehow firmly rooted

in the popular mind that new varieties can be pro-

duced with the greatest ease by crossing parents of

given attributes. There is something captivating

about the notion. It smacks of a somewhat magic

power which man evokes as he passes his wand
over the untamed forces of nature. But the wand
is often only a gilded stick, and is apt to serve no

better purpose than the drum major's pretentious

baton ?

Let me say further that crossing alone can

accomplish comparatively little. The chief power

in the evolution or progression of plants appears

to be selection, or, as Darwin puts it, the law of

"preservation of favorable individual differences

and variations, and the destruction of those which

are injurious." Selection is the force which aug-

ments, develops, and fixes types. Man must not

only practice a judicious selection of parents from

which the cross is to come, which is in reality but

the exercise of a choice, but he must constantly
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select the best from among the crosses, in order to

maintain a high degree of usefulness and to make

any advancement ; and it sometimes happens that

the selection is much more important to the culti-

vator than the crossing. I do not wish to discour-

age the crossing of plants, but I do desire to dispel

the charm which too often hangs about it.

Further discussion of this subject naturally falls

under two heads : the improvement of existing

types or varieties by means of crossing, and the

summary production of new varieties. I have

already stated that the former office is the more

important one, and the proposition is easy of proof.

It is the chief use which nature makes of crossing,

— to strengthen the type. Think, for instance, of

the great rarity of hybrids or pronounced crosses

in nature. No doubt all the authentic cases on

record could be entered in one or two volumes, but

a list of all the individual plants of the world

could not be compressed into ten thousand volumes.

There are a few genera, in which the species are

not well defined or in which some character of

inflorescence favors promiscuous crossing, in which

hybrids are conspicuous ; but even here the num-

ber of individual hybrids is very small in compari-

son to the whole number of individuals. That is,

the hybrids are rare, while the parents may be

common. This is well illustrated even in the

willows and oaks, in which, perhaps, hybrids are
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better known than in any other American plants.

The great genus carex or seclge, which occurs in

great numbers and many species in almost every

locality in New England, and in which the species

are particularly adapted to intercrossing by the

character of their inflorescence, furnishes but few

undoubted hybrids. Among one hundred and

eighty-five species and prominent varieties inhabit-

ing the northeastern states, there are only eleven

hybrids recorded, and all of them are rare or local,

some of them having been collected but once.

Species of carex of remarkable similarity may grow

side by side for years, even intertangled in the

same clump, and yet produce no hybrid. These

instances prove that nature avoids hybridization,

— a conclusion at which we have already arrived

from philosophical considerations. And we have

reason to infer the same conclusion from the fact

that flowers of different species are so constructed

as not to invite intercrossing. But, on the other

hand, the fact that all higher plants habitually

propagate by means of seeds, which is far the most

expensive to the plant of all methods of propa-

gation, while at the same time most flowers are so

constructed as to prevent self-fertilization, proves

that some corresponding good must come from

crossing within the limits of the species or variety

;

and there are purely philosophical reasons, as we

have seen, which warrant a similar conclusion.
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But experiment has given us more direct proof of

our propositions, and we shall now turn our atten-

tion to the garden.

Darwin was the first to show that crossing within

the limits of the species or variety results in a con-

stant revitalizing of the offspring, and that this is

the particular ultimate function of cross-fertiliza-

tion. Kolreuter, Sprengel, Knight, and others had

observed many, if, indeed, not all, the facts obtained

by Darwin ; but they had not generalized upon

them broadly, and did not conceive their relation

to the complex life of the vegetable world. Dar-

win's results are, concisely, these ; self-fertilization

tends to weaken the offspring;* crossing between

different plants of the same variety gives stronger

and more productive offspring than arises from

self-fertilization ; crossing between stocks of the

same variety grown in different places or under dif-

ferent conditions gives better offspring than cross-

ing between different plants grown in the same

place or under similar conditions ; and his re-

searches have also shown that, as a rule, flowers

are so constructed as to favor cross-fertilization.

In short, he found, as he expressed it, that " nature

abhors perpetual self-fertilization." Some of his

particular results, although often quoted, will be

useful in fixing these facts in our minds. Plants

from crossed seeds of morning-glory exceeded in

height those from self-fertilized seeds as 100 exceeds
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76, in the first generation. Some flowers from these

plants were self-pollinated and some were crossed,

and in this second generation the crossed plants

were to the uncrossed as 100 is to 79 ; the opera-

tion was again repeated, and in the third generation

the figures stand 100 to 68 ; fourth generation, the

plants having been grown in midwinter, when none

of them did well, 100 to 86 ; fifth generation, 100

to 75 ; sixth generation, 100 to 72 ; seventh genera-

tion, 100 to 81 ; eighth generation, 100 to 85 ; ninth

generation, 100 to 79 ; tenth generation, 100 to

54. The average total gain in height of the

crossed over the uncrossed was as 100 to 77, or

about 30 per cent. There was a corresponding

gain in fertility, or the number of seeds and seed-

pods produced. Yet, striking as the results are,

they were produced by simply crossing between

plants grown near together, and under what would

ordinarily be called uniform conditions. In order

to determine the influence of crossing with fresh

stock, plants of the same variety were obtained

from another garden, and these were crossed with

the ninth generation mentioned above. The off-

spring of this cross exceeded those of the other

crossed plants as 100 exceeds 78, in height ; as 100

exceeds 57, in the number of seed-pods ; and as 100

exceeds 51, in the weight of the seed-pods. In

other words, crosses between fresh stock of the same

variety were nearly 30 per cent more vigorous than
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crosses between plants grown side by side for some

time and over 44 per cent more vigorous than

plants from self-fertilized seeds. On the other

hand, experiments showed that crosses between

different flowers upon the same plant gave actu-

ally poorer results than offspring of self-fertilized

flowers. It is evident, from all these figures, that

nature desires crosses between plants, and, if pos-

sible, between plants grown under somewhat dif-

ferent conditions. All the results are exceedingly

interesting and important; and there is every

reason to believe that, as a rule, similar results can

be obtained with all plants.

Darwin extended his investigations to many

plants, only a few of which need be discussed here.

Cabbage gave pronounced results. Crossed plants

were to self-fertilized plants in weight as 100 is

to 37. A cross was now made between these

crossed plants and a plant of the same variety

from another garden, and the difference in weight

of the resulting offspring was the difference be-

tween 100 and 22, showing a gain of over 350 per

cent, due to a cross with fresh stock. Crossed

lettuce plants exceeded uncrossed in height as

100 exceeds 82. Buckwheat gave an increase in

weight of seeds as 100 to 82, and in height of

plants as 100 to 69. Beets gave an increase in

height represented by 100 and 87. Maize, when

full grown, from crossed and uncrossed seeds,
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gave the differences in height between 100 and 91.

Canary-grass gave similar results.

I have obtained results as well marked as these

upon a large and what might be called a commer-

cial scale. I raised the plants during the first

generation of seeds from known parentage, the

flowers from which they came having been care-

fully pollinated by hand. In some instances the

second generations were grown from hand-crossed

seeds, but in other cases the second generations

were grown from seeds simply selected from the

first-year patches. As the experiments have been

made in the field and upon a somewhat extensive

scale, it was not possible to accurately measure

the plants and the fruits from individuals in all

cases ; but the results have been so marked as to

admit of no doubt as to their character. In 1889

several hand-crosses were made among egg-plants.

Three fruits matured, and the seeds from them

were grown in 1890. Some two hundred plants

were grown, and they were characterized through-

out the season by great sturdiness and vigor of

growth. They grew more erect and taller than

other plants near by grown from commercial seeds.

They were the finest plants which I had ever seen.

It was impossible to determine productiveness,

from the fact that our seasons are too short for

egg-plants, and only the earliest flowers, in the

large varieties, perfect their fruit, and the plant
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blooms continuously through the season. In order

to determine how much a plant will bear, it must

be grown until it ceases to bloom. When frost

came, I could see little difference in productive-

ness between these crossed plants and commercial

plants. A dozen fruits were selected from various

parts of this patch, and in 1891 about twenty-five

hundred plants were grown from them. Again

the plants were remarkably robust and healthy,

with fine foliage, and they grew erect and tall,

—

an indication of vigor. They were also very pro-

ductive ; but, as the cross had been made between

unlike varieties, and the offsprings were therefore

unlike either parent, I could not make an accurate

comparison. But they compared well with com-

mercial egg-plants, and I am satisfied that they

would have shown themselves to be more produc-

tive than common stock could they have grown a

month or six weeks longer. Professor Munson, of

the Maine Agricultural College, grew some of this

crossed stock in 1891, and he told me that it was

better than any commercial stock in his gardens.

In extended experiments in the crossing of

pumpkins, squashes, and gourds, carried on dur-

ing several years, increase in productiveness due

to crossing has been marked in many instances.

Marked increase in productiveness has been ob-

tained from tomato crosses, even when no other

results of crossing could be seen.
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b. Change of Seed and Crossing.

Bearing in mind these good influences of cross-

ing, let us recall another series of facts following

the simple change of seed. Almost every farmer

and gardener at the present day feel that an

occasional change of seed results in better crops,

and there are definite records to show that such

is often the case. In fact, I am convinced that

much of the rapid improvement in fruits and vege-

tables in recent years is due to the practice of

buying plants and seeds so largely of dealers, by

means of which the stock is often changed. Even
a slight change, as between farms or neighboring

villages, sometimes produces marked results, such

as more vigorous plants and often more fruitful

ones. We must not suppose, however, that be-

cause a small change gives a good result, a violent

or very pronounced change gives a better one.

There are many facts on record to show that great

changes often profoundly influence plants, and

when such influence results in lessened vigor or

lessened productiveness we call it an injurious one.

Now, this injurious influence may result even

when all the conditions in the new place are

favorable to the health and development of the

plant ; it is an influence which is wholly indepen-

dent, so far as we can see, of any condition which

interferes injuriously with the simple processes of
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growth. Seeds of a native physalis or husk-tomato

were sent to me from Paraguay in 1889 by Dr.

Thomas Morong, then travelling in that country.

I grew it from cuttings in the house and out of

doors, and for two generations was unable to make
it set fruit, even though the flowers were hand-pol-

linated; yet the plants were healthy and grew vig-

orously. The third cutting-generation grown put

of doors set fruit freely. This is an instance of

the fact that very great changes of conditions may
injuriously affect the plant, and an equally good

illustration of the power to overcome these condi-

tions. Now, there is great similarity between the

effects of slight and violent changes of conditions

and small and violent degrees of crossing, as both

Darwin and Wallace have pointed out, and it is

pertinent to this discussion to endeavor to dis-

cover why this similarity exists.

It is well proved that crossing is good for the

resulting offspring, because the differences be-

tween the parents carry over new combinations

of characters or at least new powers into the

crosses. It is a process of revitalization, and the

more different the stocks in desirable characters

within the limits of the variety, the greater is

the revitalization; and frequently the good is of

a more positive kind, resulting in pronounced

characters which may serve as the basis for new
varieties. In the cross, therefore, a new combina-
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tion of characters or a new power fit it to live

better than its parents in the conditions under

which they lived.

In the case of change of stock we find just the

reverse, which, however, amounts to the same

thing,— that the same characters or powers fit the

plant to live better in conditions new to it than

plants which have long lived in those conditions.

In either case, the good comes from the fitting

together of new characters or powers and new
environments. Plants which live during many
generations in one place become accustomed to the

place, thoroughly fitted into its conditions, and are

in what Mr. Spencer calls a state of equilibrium.

When either plant or conditions change, new ad-

justments must take place ; and the plant may find

an opportunity to take advantage, to expand in

some direction in which it has before been held

back ; for plants always possess greater power

than they are able to express. " These rhythmical

actions or functions [of the organism]," writes

Spencer, "and the various compound rhythms

resulting from their combinations, are in such

adjustment as to balance the actions to which

the organism is subject. There is a constant or

periodic genesis of forces which, in their kinds,

amounts, and directions, suffice to antagonize the

forces which the organism has constantly or peri-

odically to bear. If, then, there exists this state
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of moving equilibrium among a definite set oJ

internal actions, exposed to a definite set of ex-

ternal actions, what must result if any of the

external actions are changed ? Of course there is

no longer an equilibrium. Some force which the

organism habitually generates is too great or too

small to balance some incident force ; and there

arises a residuary force exerted by the environ-

ment on the organism, or by the organism on the

environment. This residuary force, this unbal-

anced force, of necessity expends itself in produc-

ing some change of state in the organism."

The good results, therefore, are processes of

adaptation, and when adaptation is perfectly com-

plete the plant may have gained no permanent

advantage over its former condition, and new
crossing or another change may be necessaiy ; yet

there is often a permanent gain, as when a plant

becomes visibly modified by change to another cli-

mate. Now, this adaptive change may express

itself in two ways : either by some direct influence

upon the stature, vigor, or other general character,

or indirectly upon the reproductive powers, by

which some new influence is carried to the off-

spring. If the direct influences become heredi-

tary, as observation seems to show may sometimes

occur, the two directions of modification may
amount, ultimately, to the same thing.

For the purposes of this discussion it is enough
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to know that crossing within the variety and

change of stock within ordinary bounds are bene-

ficial, that the results in the two cases seem to

flow from essentially the same causes, and that

crossing and change of stock combined give much
better results than either one alone ; and this

benefit is expressed more in increased yield and

vigor than in novel and striking variations. These

processes are much more important than airy mere

groping after new varieties, as I have already said;

not only because they are surer, but because they

are universal and necessary means of maintaining

and improving both wild and cultivated plants.

Even after one succeeds in securing and fixing

a new variety, he must employ these means to a

greater or less extent to maintain fertility and

vigor, and to keep the variety true to its type.

In the case of some garden crops, in which many
seeds are produced in each fruit and in which

the operation of pollination is easy, actual hand-

crossing from new stock now and then may be

found to be profitable. But in most cases the

operation can be left to nature, if the new stock

is planted among the old. Upon this point Dar-

win expressed himself as follows :
" It is a common

practice with horticulturists to obtain seeds from

another place having a very different soil, so as to

avoid raising plants for a long succession of gen-

erations under the same conditions ; but with all
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the species which freely intercross by the aid of

insects or the wind, it would be an incomparably

better plan to obtain seeds of the required variety,

which had been raised for some generations under

as different conditions as possible, and sow them

in alternate rows with seeds matured in the old

garden. The two stocks would then intercross,

with a thorough blending of their whole organi-

zations, and with no loss of purity to the variety,

and this would yield far more favorable results

than a mere change of seed."

c. TJie Outright Production of Neiv Varieties.

But you are waiting for a discussion of the

second of the great features of crossing,— the sum-

mary production of new varieties» This is the sub-

ject which is almost universally associated with

crossing in the popular mind, and even among
horticulturists themselves. It is the commonest

notion that the desirable characters of given

parents can be definitely combined in a pronounced

cross or hybrid. There are two or three philo-

sophical reasons which somewhat oppose this doc-

trine, and which we will do well to consider at the

outset. In the first place, nature is opposed to

hybrids, for species have been bred away from each

other in the ability to cross. If, therefore, there

is no advantage for nature to hybridize, we may
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suppose that there would be little advantage for

man to do so ; and there would be no advantage

for man did he not place the plant under conditions

different from nature, or desire a different set of

characters. We have seen that nature's chief

barriers to hybridization are total refusal of species

to unite, and entire or comparative seedlessness

of offspring. We can overcome the refusal to

cross in many cases by bringing the plant under

cultivation; for the character of the species be-

comes so changed by the wholly new conditions

that its former antipathies may be overpowered.

Yet it is doubtful if such a plant will ever acquire

a complete willingness to cross. In like manner

we can overcome in a measure the comparative

seedlessness of hybrids, but it is very doubtful

whether we can ever make such hybrids com-

pletely fruitful. It would appear, therefore,

on theoretical grounds, that in plants in which

seeds are the part sought, no permanent prac-

tical good can be expected, as a rule, from hy-

bridization. 1

It is evident that species which have been

differentiated or bred away from each other in

a given locality will have more opposed qualities

or powers than similar species which have arisen

quite independently in places remote from each

1 See definition of hybrids, crosses, and other terms in the

Glossary.



06 PHILOSOPHY OF CROSSTXG PLANTS.

other. In the one case the species have likely

struggled with each other until each one has at-

tained to a degree of divergence which allows it

to persist ; while in the other case there has been

no struggle between the species, but similar con-

ditions have brought about similar results. These

similar species which appear independently of

each other in different places are called representa-

tive species. Islands remote from each other but

similarly situated with reference to climate very

often contain representative species ; and the same

may be said of other regions much like each other,

as eastern North America and Japan. Now, it

follows that, if representative species are less

opposed than others, they are more likely to

hybridize with good results ; and this fact is re^

markably well illustrated in the Kieffer and allied

pears, which are hybrids between representative

species of Europe and Japan ; and I am inclined

to think that the same may be found to be true

of the common or European apple and the wild

crab of the Mississippi valley. Various crabs of

the Soulard type, which I once thought to con-

stitute a distinct species, appear upon further study

to be hybrids. We will also recall that the hybrid

grapes which have so far proved most valuable are

those obtained by Rogers between the American

Vitis Labrusca and the European wine grape ; and

that the attempts of Haskell and others to hybrid-
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ize associated species of native grapes have given,

at best, only indifferent results. To these good

results from hybrids of fruit trees and vines I

shall revert presently.

Another theoretical point, which is borne out

by practice, is the conclusion that, because of the

great differences and lack of affinity between par-

ents, pronounced hybrid offsprings are unstable.

This is one of the greatest difficulties in the way
of the summary production of new varieties by

means of hybridization. It would appear, also,

that, because of the unlikeness of parents, hybrid

offspring must be exceedingly variable ; but, as

a matter of fact, in many instances the parents

are so pronouncedly different that the hybrids

represent a distinct type by themselves, or else

they approach very nearly to the characters of

one of the parents. There are, to be sure, many
instances of exceedingly variable hybrid offspring,

but they are usually the offspring of variable par-

ents. In other words, variability in offspring

appears to follow rather as a result of variability

in parents than as a result of mere unlikeness

of characters. But the instability of hybrid off-

spring when propagated by seed is notorious.

Wallace writes that "the effect of occasional

crosses often results in a great amount of varia-

tion, but it also leads to instabilit}^ of character,

and is therefore very little employed in the
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production of fixed and well-marked races." I

may remark again that, because of the unequal

and unknown powers of the parents, we can never

predict what characters will appear in the hybrids.

This fact was well expressed by Lindley a half

century ago, in the phrase, " Hybridizing is a

game of chance played between man and plants."

V. Characteristics of Crosses.

Bearing these fundamental propositions in mind,

let us pursue the subject somewhat in detail.

We shall find that the characters of hybrids,

as compared with the characters of simple crosses

between stocks of the same variety, are ambiguous,

negative, and often prejudicial. The fullest dis-

cussion of hybrids has been made by Focke (see

Lecture IV.), and he lays down the five following

propositions concerning the character of hybrid

offspring :
—

1. " All individuals which have come from the

crossing of two pure species or races, when pro-

duced and grown under like conditions, are

usually exactly like each other, or at least scarcely

more different from each other than plants of the

same species are." This proposition, although

perhaps true in the main, appears to be too

broadly and positively stated. .

2. " The characters of hybrids may be different
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from the characters of the parents. The hybrids

differ most in size and vigor and in their sexual

powers."

3. " Hybrids are distinguished from their par-

ents by their powers of vegetation or growth.

Hybrids between very different species are often

weak, especially when young, so that it is difficult

to raise them. On the other hand, cross-breeds

are, as a rule, uncommonly vigorous ; they are dis-

tinguished mostly by size, rapidity of growth, early

flowering, productiveness, longer life, stronger

reproductive power, unusual size of some special

organs, and similar characteristics."

4. " Hybrids produce a less amount of pollen

and fewer seeds than their parents, and they

often produce none. In cross-breeds this weaken-

ing of the reproductive powers does not occur.

The flowers of sterile or nearly sterile hybrids

usually remain fresh a long time."

5. M Malformations and odd forms are apt to

appear in hybrids, especially in the flowers."

Some of the relations between hybridization

and crossing within narrow limits are stated as

follows by Darwin :
" It is an extraordinary fact

that with many species flowers fertilized with

their own pollen are either absolutely or in some

degree sterile ; if fertilized with pollen from

another flower on the same plant, they are some-

times, though rarely, a little more fertile ; if
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fertilized with pollen from another individual

or variety of the same species, they are fully

fertile ; but if with pollen from a distinct species,

they are sterile in all possible degrees, until utter

sterility is reached. We thus have a long series

with absolute sterility at the two ends ; at one

end due to the sexual elements not having been

sufficiently differentiated, and at the other end

to their having been differentiated in too great

a degree, or in some peculiar manner."

The difficulties in the way of successful results

through hybridization are, therefore, these : the

difficulty of effecting the cross ; infertility, in-

stability, variability, and often weakness and

monstrosity of the hybrids ; and the absolute im-

possibility of predicting results. The advantage

to be derived from a successful hybridization is

the securing of a new variety which shall combine

in some measure the most desirable features of

both parents ; and this advantage is often of so

great moment that it is worth while to make re-

peated efforts and to overlook numerous failures.

From these theoretical considerations it is apparent

that hybridization is essentiall}r an empirical sub-

ject, and the results are such as fall under the

common denomination of chance. And, as it does

not rest upon any legitimate function in nature,

we can understand that it will always be difficult

to codify laws upon it.
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Among the various characters of hybrid off-

spring, I presume that the most prejudicial one is

their instability, their tendency still to vary into

new forms or to return to one or the other parent

in succeeding generations. It is difficult to fix
!

any particular form which we may secure in the

first generation of hybrids. At the outset, we
notice that this discouraging feature is manifested

chiefly through the fact of seed-reproduction, and

we thereby come upon what is perhaps the most

important practical consideration in hybridization,

— the fact that the great majority of the best /
hybrids in cultivation are increased by bud-propa-

gation, as cuttings, layers, suckers, buds, or grafts.

In fact, I recall very few instances in this country

of good undoubted hybrids which are propagated

with practical certainty by means of seeds. You
will recall that the genera in which hybrids are

most common are those in which bud-propagation

is the rule ; as begonia, pelargonium, orchids,

gladiolus, rhododendron, roses, cannas, and the

fruits. This simply means that it is difficult to

fix hybrids so that they will come " true to seed,;

and makes apparent the fact that if we desire

hybrids we must expect to propagate them by

means of buds.

This is a point which appears to have been over-

looked by those who contend that hybridization

must necessarily swamp all results of natural se-
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lection ; for, as comparatively few plants propagate

habitually by means of buds, whatever hybrids

might have appeared would have been speedily

lost, and all the more, also, because, by the terms

of their reasoning, the hybrids would cross with

other and dissimilar forms, and therefore lose their

identity as intermediates. Or, starting with the

assumption that hybrids are intermediates, and

would therefore obliterate specific types, we must

conclude that they should have some marked de-

gree of stability if they are to swamp or obliterate

the characters of species ; but, as all hybrids tend

to break up when propagated by seeds, it must

follow that bud-propagation would become more

and more common, and this is associated in nature

with decreased seed-production. Now, seed-pro-

duction is the legitimate function of flowers ; and

we must concede that, as seed-production de-

creased, floriferousness must have decreased ; and

that, therefore, pronounced intercrossing would

have obliterated the very organs upon which it

depends, or have destroyed itself !

But I may be met by the objection that there

is no inherent reason why hybrids should not

become stable through seed-production by in-breed-

ing, and I might be cited to the opinion of Darwin

and others that in-breeding tends to fix any va-

riety, whether it originates by crossing or other

means. And it is a fact that in-breeding tends to
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fix varieties within certain limits, but those limits

are often overpassed in the case of very pro-

nounced crosses, whether cross-breeds or true

hybrids. And if it is true, as all observation and

experiments show, that sexual or reproductive

powers of crosses are weakened as the cross be-

comes more violent, we should expect less and less

possibility of successful in-breeding ; for in-breed-

ing without disastrous results is possible only with

comparatively strong reproductive powers. As a

matter of fact, it is found in practice that it is

exceedingly difficult to fix pronounced hybrids by

means of in-breeding. It sometimes happens, too,

that the hybrid individual which we wish to per-

petuate may be infertile with itself, as I have often

found in the case of squashes. It is often advised

that we cross the hybrid individual which we wish

to fix with another like individual, or with one of

its parents. These results are often successful,

but oftener they are not. In the first place, it

often happens that the hybrid individuals may be

so diverse that no two of them are alike ; this has

been my experience in many crosses. And, again,

crossing with a parent may draw the hybrid back

again to the parental form. So long ago as lasl

century Kolreuter proved this fact upon nicotiana

and dianthus. A hybrid between Nicotiana rus-

tica and N. paniculata was crossed with N. pani-

culata until it was indistinguishable from it; and
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it was then crossed with N. rustica until it became

indistinguishable from that parent. Yet there is

no other way of fixing a hybrid to be propagated

by seeds than by in-breeding, and by constant at-

tention to selection. Fortunately, it occasionally

happens that a hybrid is stable, and therefore

needs no fixing.

In this connection I may cite some of my own

experience in crossing egg-plants and squashes

;

for, although the products were not true hybrids

in the strict interpretation of the word, many of

them were hybrids to all intents and purposes,

because made between very unlike varieties, and

they will serve to illustrate the difficulties of which

I speak. Offspring of egg-plant crosses were grown

in 1890, and upon some of the most promising

plants some flowers were self-pollinated. But

these self-pollinated seeds gave just as variable

offspring in 1891, as those selected almost at

random from the patch; and, what was worse,

none of them reproduced the parent, or " came

true to seed," and all further motive for in-breed-

ing was gone. My labor, therefore, amounted to

nothing more than my own edification. My
experience in crossing pumpkins and squashes has

now extended through many years ; and, although

I have obtained about one thousand types not

named or described, I have not yet succeeded in

fixing one. The difficulty here is an aggravated
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one, however. The species are so exceedingly

variable that all the hybrid individuals may be

unlike, so that there can be no crossing between

identical stocks ; and, if in-breeding is attempted,

it may be found that the flowers will not in-breed.

And the refusal to in-breed is all the more strange

because the sexes are separated in different flowers

upon the same plant. In other words, in my expe-

rience, it is very difficult to get good seeds from

squashes which are fertilized by a flower upon the

same vine. The squashes may grow normally to

full maturity, but be entirely hollow, or contain

only empty seeds. In some instances the seeds

may appear to be good, but may refuse to grow

under the best conditions. Finally, a small number

of flowers may give good seeds. I have many

times observed this refusal of squashes (Cucurbita

Pepo) to in-breed. It was first brought to my
attention through efforts to fix certain types into

varieties. The figures of one season's tests will

sufficiently indicate the character of the problem.

In 1890, one hundred and eighty-five squash flowers

were carefully pollinated with staminate flowers

taken from the same vine which bore the pistillate

flowers. Only twenty-two of these produced fruit,

and of these only seven, or less than one-third, bore

good seeds, and in some of these the seeds were

few. Now, these twenty-two fruits represented as

many different varieties, so that the inability to set
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fruit with pollen from the same vine is not a

peculiarity of a particular variety. The records

of the seeds of the seven fruits in 1891 are as

follows :
—

Fruit No. 1. — Four vines were obtained, with

four different types, two of them being white, one

yellow, and one black.

Fruit No. 2.— Twenty-three vines. Fifteen

types very unlike, twelve being white and three

yellow.

Fruit No. 3. — Two vines. One type of fruit

which was almost like one of the original parents.

Fruit No. 4. — Thirty-two vines. Six types,

differing chiefly in size and shape.

Fruit No. 5. — Twenty vines. Nineteen types,

of which ten were white, eight orange, one striped,

and all very unlike.

Fruit No. 6.— Thirteen vines. Eleven types,

— eight yellow, two black, one white.

Fruit No. 1. — One vine.

These offspring were just as variable as those

from flowers not in-bred, and no more likely,

apparently, to reproduce the parent. These tests

leave me without any method of fixing a pro-

nounced cross of squashes, and lead me to think

that the legitimate process of origination of new
kinds here, as, indeed, if not in general, is a more

gradual process of selection, coupled, perhaps, with

minor crossing.
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I will relate a definite attempt towards the fixa-

tion of a squash which I had obtained from cross-

ing. The history of it runs back to 1887, when a

cross was effected between a summer yellow crook-

neck and a white bush scallop squash. In 1889

there appeared a squash of great excellence, com-

bining the merits of summer and winter squashes

with very attractive form, size, and color, and a

good habit of plant. I showed the fruit to one of

the most expert seedsmen of the country, and he

pronounced it one of the most promising types

which he had ever seen ; and, as he informed me

that he had fixed squashes by breeding in and in,

I was all the more anxious to carry out my own

convictions in the same direction. It is needless

to say that I was very happy over what I regarded

as a great triumph. Of course I must have a large

number of plants of my new variety, that I might

select the best, both for in-breeding and for cross-

ing similar types. So I selected the very finest

squash, having placed it where I could admire it

for some days, and saved every seed of it. These

seeds were planted upon the most conspicuous

knoll in my garden in 1890. It was soon evident

that something was wrong. I seemed to have

everything except my squash. One plant, how-

ever, bore fruits almost like the parent, and upon

this I began my attempts towards in-breeding.

But flower after flower failed, and I soon saw that
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the plant was infertile with itself. Careful search

revealed two or three other plants very like this

one, and I then proceeded to make crosses upon it.

I was equally confident that this method would

succeed. When I harvested my squashes in the

fall and took account of stock, I found that the

seeds of my one squash had given just as many

different types as there were plants, and I actually

counted one hundred and ten kinds distinct enough

to be named and recognized. Still confident, in

1891 I planted the seeds of my few crosses, and as

the summer days grew long and the crickets

chirped in the meadows, I watched the expanding

squash blossoms and wondered what they would

bring forth. But they brought only disappoint-

ment. Not one seed produced a squash like the

parent. My squash had taken an unscientific

leave of absence, and I do not know its where-

abouts. And when the frost came and killed

every ambitious blossom, my hope went out and

has not yet returned

!

Let us now recall how many undoubted hybrids

there are, named and known, among our fruits

and vegetables. In grapes there are the most.

There are Rogers' hybrids, like the Agawam,

Lindley, Wilder, Salem, and Barry; and there is

some reason for supposing that the Delaware,

Catawba, and other varieties are of hybrid origin.

And many hybrids have come to notice lately
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through the work of Munson and others. But it

must be remembered that grapes are naturally ex-

ceedingly variable, and the specific limits are not

well known, and that hybridization among them

lacks much of that definiteness which ordinarily

attaches to the subject. In pears there is the

KiefTer class. In apples, peaches, plums, cher-

ries, gooseberries, and currants, there are no im-

portant commercial hybrids. In blackberries there

is the blackberry-dewberry class, represented by

the Wilson Early and others. Some of the rasp-

berries, like the Philadelphia and Shaffer, are hy-

brids between the red and black species. Hybrids

have been produced between the raspberry and

blackberry by two or three persons, but they pos-

sess no promise of economic results. Among all

the list of garden vegetables (plants which are

propagated by seeds) I do not know of a single

important hybrid ; and the same is true of wheat,

— unless the Carman wheat-rye varieties become

prominent,— oats, the grasses, and other farm

crops. But among ornamental plants there are

many ; and it is a significant fact that the most

numerous, most marked, and most successful hy-

brids occur in the plants most carefully cultivated

and protected, those, in other words, which are

farthest removed from all untoward circumstances

and an independent position. This is nowhere so

well illustrated as in the case of cultivated orchids,
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in which hybridization has played no end of freaks,

and in which, also, every individual plant is nursed

and coddled. 1 With such plants the struggle for

existence is reduced to its lowest terms ; for it

must be borne in mind that, even in the garden,

plants must fight severely for a chance to live, and

even then only the very best can persist, or are

even allowed to try.

I am sure that this list of hybrids is much more

meagre than most catalogues and trade-lists would

have us believe, but I am sure that it is approxi-

mately near the truth. It is, of course, equivalent

to saying that most of the so-called hybrid fruits

and vegetables are myths. There is everywhere a

misconception of what a hybrid is, and how it

comes to exist ; and yet, perhaps because of this

indefinite knowledge, there is a wide-spread feel-

ing that a hybrid is necessarily good, while the

presumption is directly the opposite. The identity

of a hybrid in the popular mind rests entirely upon

some superficial character, and proceeds upon the

assumption that it is necessarily intermediate be-

tween the parents. Hence we find one of our

popular authors asserting that, because the kohl-

rabi bears its thickened portion midway of its stem,

it is evidently a hybrid between the cabbage and

turnip, which bear respectively the thickened parts

1 Consult E. Bohnhof, " Dictionnaire des Orchid^es Hy-

brides," Paris, 1895.
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at the opposite extremities of the stem ! And then

there are those who confound the word hybrid

with high-bred, and who build attractive castles

upon the unconscious error. And thus is confu-

sion confounded

!

But, before leaving this subject of hybridization,

I must speak of the old yet common notion that

there is some peculiar influence exerted by each

sex in the parentage of hybrids ; for I shall thereby

not only call your attention to what I believe to

be an error, but shall also find the opportunity to

still further illustrate the entanglements of hybri-

dization. It was held by certain early observers, of

whom the great Linnaeus was one, that the female

parent determines the constitution of the hybrid,

while the male parent gives the external attributes,

as form, size, and color. The accumulated experi-

ence of nearly a century and a half appears to con-

tradict this proposition, and Focke, who has recently

gone over the whole ground, positively declares

that it is untrue. There are instances, to be sure,

in which this old idea is affirmed, but there are

others in which it is contradicted. The truth ap-

pears to be this, — that the parent of greater

strength or virility makes the stronger impression

upon the hybrids, whether it is the staminate or

pistillate parent ; and it appears to be equally

true that it is usually impossible to determine be-

forehand which parent is the stronger. It is cer-
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tain that strength does not lie in size, neither in

the high development of any character. It appears

to be more particularly associated with what we

call fixity or stability of character, or the tendency J
towards invariability.

This has been well illustrated in my own experi-

ments with squashes, gourds, and pumpkins. The

common little pear-shaped gourd will impress itself

more strongly upon crosses than any of the edible

squashes and pumpkins with which it will effect a

cross, whether it is used as male or female parent.

Even the imposing and ubiquitous great field

pumpkin, which every New Englander associates

with pies, is overpowered by the little gourd.

Seeds from a large and sleek pumpkin which had

been fertilized by gourd pollen, produced gourds

and small hard-shelled globular fruits which were

entirely inedible. A more interesting experiment

was made between the handsome green-striped Ber-

gen fall squash and the little pear gourd. Several

flowers of the gourd were pollinated by the Bergen

in 1889. The fruits raised from these seeds in

1890 were remarkably gourd-like. Some of these

crosses were pollinated again in 1890 by the Ber-

gen, and the seeds were sown in 1891. Here,

then, were crosses into which the gourd had gone

once and the Bergen twice, and both the parents

are to all appearances equally fixed, the difference

in strength, if any, attaching rather to the Bergen.
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Now, the crop of 1891 still carried pronounced

characters of the gourd. Even in the fruits which

most resembled the Bergen, the shells were almost

flinty hard, and the flesh, even when thick and

tender, was bitter. Some of the fruits looked so

much like the Bergen that I was led to think that

the gourd had largely disappeared. The very hard

but thin paper-like shell which the gourd had laid

over the thick yellow flesh of the Bergen, I

thought might serve a useful purpose, and make
the squash a better keeper. And I found that it

was a great protection, for the squash could stand

any amount of rough handling, and was even not

injured by ten degrees of frost. All this was an

acquisition, and, as the squash was handsome and

exceedingly productive, nothing more seemed to

be desired. But it still remained to have a squash

for dinner. The cook complained of the hard

shell, but, once inside, the flesh was thick and

attractive, and it cooked nicely. But the flavor !

Dregs of quinine, gall, and boneset! The gourd

was still there !

VI. Uncertainties of Pollination.

We have now seen that uncertainty follows

hybridization, and, in closing, I will say that

uncertainty also attaches to the mere act of

pollination. Between some species which are
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closely allied and which have large and strong

flowers, four-fifths of the attempts towards cross-

pollination may be successful ; but such a large

proportion of successes is not common, and it

may be infrequent even in pollinations between

plants of the same species or variety. Some of

the failure is due in many cases to unskilful opera-

tion, but even the most expert operators fail as

often as they succeed in promiscuous pollinating.

There is good reason to believe, as Darwin has

shown, that the failure may be due to some selec-

tive power of individual plants, by which they re-

fuse pollen which is, in many instances, acceptable

to other plants even of the same variety or stock.

The lesson to be drawn from these facts is that

operations should be as many as possible, and that

discouragement should not come from failure.

In order to illustrate the varying fortunes of the

pollinator, I will transcribe some notes from my
field-book.

Two hundred and thirty-four pollinations of

gourds, pumpkins, and squashes, mostly between

varieties of one species (Cucurbita Pepo), and in-

cluding some individual pollinations, gave one

hundred and seventeen failures and one hundred

and seventeen successes. These crosses were made

in varying weather, from July 28 to August 30.

In some periods nearly all the operations would

succeed, and at other times most of them would
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fail. I have always regarded these experiments as

among my most successful ones, and yet but half

of the pollinations " took." But one must not

understand that I actually secured seeds from even

all these one hundred and seventeen fruits, for

some of them turned out to be seedless, and some

were destroyed by insects before they were ripe, or

they were lost by accidental means. A few more

than half of the successful pollinations— if by suc-

cess we mean the formation and growth of fruit—
really secured us seeds, or about one-fourth of the

whole number of efforts.

Twenty pollinations were made between potato

flowers, and they all failed ; also, seven pollinations

of red peppers, four of husk-tomato, two of Nico-

tiana affinis upon petunia and two of the reciprocal

cross, twelve of radish, one of Mirabilis Jalapa upon

M. longiflora and two of the reciprocal cross, three

Convolvulus major upon C. minor and one of the

reciprocal, one muskmelon by squash, two musk-

melons by watermelon, and one muskmelon by

cucumber.

This is but one record. Let me give another : —
Cucumber, ninety-five efforts : fifty-two suc-

cesses, forty-three failures. Tomato, forty-three

efforts : nineteen successes, twenty-four failures.

Egg-plant, seven efforts : one success, six failures.

Pepper, fifteen efforts : one success, fourteen fail-

ures. Husk-tomato, forty-five efforts : forty-five
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failures. Pepino, twelve efforts : twelve failures.

Petunia by Nicotiana affinis, eleven efforts : eleven

failures. Nicotiana affinis by petunia, six efforts

:

six failures. General Grant tobacco by Nicotiana

affinis, eleven efforts : eight successes, three fail-

ures. Nicotiana affinis by General Grant tobacco,

fifteen efforts : fifteen failures. General Grant

tobacco by General Grant tobacco, one effort : one

success. Nicotiana affinis by Nicotiana affinis, three

efforts : two successes, one failure. Tuberous be-

gonia, five efforts : five successes.

Total, three hundred and twelve efforts : eighty-

nine successes, two hundred and twenty-three

failures.

Conclusion.

And now, the sum of it all is this : encourage in

every way crosses within the limits of the variety

and in connection with change of stock, expecting

increase in vigor and productiveness ; hybridize

if you wish to experiment, but do it carefully,

systematically, thoroughly, and do not expect too

much. Extend Darwin's famous proposition to

read: Nature abhors both perpetual self-fertiliza-

tion and hybridization.



LECTURE III.

HOW DOMESTIC VARIETIES ORIGINATE.

" The key is man's power of accumulative

selection : nature gives successive variations

;

man acids them up in certain directions useful

to him." This, in Darwin's phrase, is the essence

of the cultivator's skill in ameliorating the vege-

table kingdom. So far as man is concerned, the

origin of the initial variation is largely chance,

but this start or variation once given, he has the

power, in most cases, to perpetuate it and to

modify its characters. There are, then, two very

different factors or problems in the origination of

garden varieties,— the production of the first de-

parture or variation, and the subsequent breeding

of it. Persons who give little thought to the sub-

ject, look upon variation as the end of their endeav-

ors, thinking that a form comes into being with all

its characters well marked and fixed. In reality,

however, variation is but the beginning ; selection

is the end.

I. Indeterminate Varieties.

There are two general classes of garden varie-

ties as respects the method of their origin, —
87
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those which come into existence somewhat sud-

denly and which require little else of the hus-

bandman than the multiplication of them, and

those which are the result of a slow evolution or

direct breeding. The former are indeterminate

or uncertain, and the latter are determinate or

definite. The greater part of those in the first

class are plants which are multiplied or divided

by bud-propagation. They comprise nearly all

our fruits, the woody ornamental plants, and such

herbaceous genera as begonia, canna, gladiolus,

lily, dahlia, carnation, chrysanthemum, and the

like,— in fact, all those multiplied by grafting,

cuttings, bulbs, or other asexual parts. The

original plant may be either a seedling or a bud-

sport. The gardener, avIio is always on the look-

out for novelties, discovers its good qualities and

propagates it.

Varieties which are habitually multiplied by

buds, as in those plants which I have mentioned

in the last paragraph, vary widely when grown

from seeds, so that every seedling may be

markedly distinct. As soon, however, as varie-

ties are widely and exclusively propagated by

seeds, they develop a capability of carrying the

greater part of the individual differences down

to the offspring. That is, seedlings from bud-

multiplied plants do not " come true," as a rule,

whilst those from seed - propagated plants do
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"come true." The reason of this difference will

become apparent upon a moment's reflection. In

the seed-propagated plants, like the kitchen-gar-

den vegetables and the annual flowers, we select

the seeds and thereby eliminate all those varia-

tions which would have arisen had the discarded

seeds been sown. In other words, we are con-

stantly fixing the tendency to " come true," for

this feature of plants is as much a variation as

form or color or any other attribute is. Suppose,

for instance, that a certain variation were to re-

ceive two opposite treatments, the seeds from one-

half of the progeny being carefully selected year

by year, and all those from untypical plants dis-

carded, whilst in the other half all the seeds from

all the plants, whether good or bad, are saved

and sown, In the one case, it will be seen, we
are fixing the tendency to " come true," for this

is all that constitutes a horticultural variety,

—

a brood which is very much like all its parents.

In the other case, we are constantly eliminating

the tendency to " come true " by allowing every

modifying agency full sway. So the very act of

taking seeds only from plants which have " come

true," tends to still more strongly fix the heredi-

tary force within narrow limits. Working against

this restrictive force, however, are all the agencies

of environment, so that, fortunately, now and

then a seed gives a " rogue," or a plant widely
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unlike its parent, and this may be the start for a

new variety.

With bud-multiplied varieties, however, the

case is very different. Here every seed may be

sown, as in the illustrative case above, because

the seedlings are not wanted for themselves, but

simply as stocks upon which to bud or graft the

desired varieties. So there is no seed selection in

the ordinary propagation of apples, pears, peaches,

and the other orchard fruits. The seeds are taken

indiscriminately from pomace or the refuse of can-

ning and evaporating factories. But every annual

garden vegetable is always grown from seeds more

or less carefully saved from plants which possess

some desired attribute. There is no reason why
the tree fruits should not reproduce themselves

from seeds just as closely as the annual herbs do, if

they were to be as carefully propagated by selected

seeds through a long course of generations. There

is excellent proof of this in the well-marked races

or families of Russian apples. In that country,

grafting has been little employed, and conse-

quently it has been necessary to select seeds

only from acceptable trees in order that the off-

spring might be more acceptable. So the Russian

apples have come to run in groups or families, each

family bearing the mark of some strong ancestor.

Most of the seedlings of the Duchess of Olden-

burg are recognizable because of their likeness to
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the parent. We may thus trace an incipient ten-

dency in our own fruits towards racial characters.

The Fameuse type of apples, for example, tends to

perpetuate itself ; and a similar tendency is very

well marked in the Damson and Green Gage
plums, the Orange quince, Concord grape, and

Hill's Chili and Crawford peaches. But inas-

much as bud-multiplication is so essential in

nursery practice, we can hardly hope for the

time when our trees and shrubs, or even our per-

ennial herbs, will " come true " with much cer-

tainty. In them, therefore, we get new varieties

by simply sowing the seeds ; but in seed-propa-

gated varieties we must depend either upon chance

variations or else we must resort to definite plant-

breeding.

II. Plant-breeding.

The breeding of domestic animals is attended,

for the most part, with such definite and often

precise results that there has come to be a gen-

eral desire to extend the same principles to

plants. It is not unusual to hear well-informed

people say that it is possible to breed plants with

as much certainty and exactness as it is to breed

animals. The fact is, however, that such exact-

ness will never be possible, because plants are

very unlike animals in organization, and because,
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also, the objects sought in the two cases are char-

acteristically unlike. Plants, as we have seen, are

made up of a colony of potential individuals, and

to breed between two plants by crossing means

that we must choose the sex-parents from amongst

as many individuals as there are flowers or branches

on the two plants, whilst in animals we choose two

definite personal parents. And these personal

parents are either male or female, and the union

is essential to the production of offspring, whilst

in plants each parent— that is, each flower— is

generally both male and female, and the union of

two is not essential to the production of offspring,

for the plant is capable of multiplying itself by
buds. The element of chance, therefore, is one

hundred, or more, to one in crossing plants as

compared with crossing animals. Then, again,

the plant-parents are modified profoundly by every

environmental condition of soil and temperature

and sunshine, or other external condition, since

they possess no bodily temperature, no choice of

conditions, and no volition to enable them to

overcome the circumstances in which they are

placed. Animals, on the contrary, have all these

elements of personality, and the breeder is also

able to control the conditions of their lives to a

nicety. In view of all these facts, it is not strange

that animals can be bred by crossing with more
confidence than plants can. But there is another
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and even more important difference between the

breeding of animals and the breeding of plants.

In animals, onr sole object is to secure simply one

animal or one brood of offspring. In plants, our

object is, in general, to secure a race or genera-

tions of offspring, which may be disseminated

freely over the earth. In the bovine race, for

example, our object in breeding is to produce one

cow with given characters ; in turnips, our object

is to produce a new variety, the seed of which

will reproduce the variety, whether sown in Penn-

sylvania or Ceylon. It is apparent, therefore, that

any comparisons drawn between the breeding of

animals and plants are likely to be fallacious.

Is there, then, any such thing as plant-breeding,

any possibility that the operator can proceed with

some confidence that he may obtain the ideal

which he has in mind ? Yes, to a certain extent.

It is apparent that the very first effort on the

part of the plant-breeder must be to secure indi-

vidual differences ; for so long as the plants which

he handles are very closely alike, so long there

will be little hope of obtaining new varieties. He
must, therefore, cause his plants to vary. In

plants which are comparatively unvariable, it is

frequently impossible to produce variations in the

desired direction at once, but it is more important

to "break " the type,— that is, to make it depart

markedly from its normal behavior in any or
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many directions (page 19). If the type once

begins to vary, to break up into different forms,

the operator may be sure that it will soon become

plastic enough to allow of modification in the

manner which he desires. But whilst it is im-

portant or even necessary to break a well-marked

type into many forms, it would no doubt be un-

wise to encourage this tendency after it once

appears, lest the plant acquire a too strong habit

of scattering. This initial variation is induced

by changing the conditions in which the plant has

habitually grown, as a change of seed, change of

soil, tillage, varying the food supply, crossing and

the like.

As a matter of fact, however, nearly all plants

which have been long cultivated are already suf-

ficiently variable to afford a starting-point for

breeding. The operator should have a vivid

mental picture of the variety which he designs to

obtain ; then he should select that plant in his

plantation which is the nearest his ideal, and sow

the seeds of it. From the seedlings he should

again select the individuals which most nearly

approach his type, and so on, generation after

generation, until the desired object is attained.

It is important, if he is to make rapid progress,

that he keep the same ideal in mind year by year,

otherwise there will be vacillation and the prog-

ress of one year may be undone by a counter
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movement the following year. In this way, it

will be found that almost any character of a plant

may be either intensified or lessened. This is

man's nearest approach to the Creator in his

dominion over the physical forms of life, and it

is great and potent in proportion as it sets for

itself correct ideals in the beginning and adheres

to them until the end.

When beginning this selection or breeding for

an ideal, it is important that impossible or contra-

dictory results should be avoided. Some of the

cautions and suggestions which need to be con-

sidered are these :
—

1. Avoid striving after features ivhich are antag-

onistic or foreign to the species or genus with which

you are working. Every group of plants has be-

come endowed with certain characters or lines

of development, and the cultivator will secure

quicker and surer results if he works along the

same lines, rather than to attempt to thwart them.

Nature gives the hint : let men follow it out,

rather than to endeavor to create new types of

characters. Let us take some of the solanaceous

plants as examples. There are certain types of

the genus solanum which have a natural habit of

tuber-bearing, as the potato. Such species should

be bred for tubers and not for fruits. There are

other solanums, however, like the egg-plants and

the pepinoes, which naturally vary or develop in
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the direction of fruit-bearing, and these should be

bred for fruits and not for tubers ; and the same

should be true in the related genera of tomatoes,

red peppers, and physalis. Those ambitious per-

sons who are always looking for a tuber-bearing

tomato, therefore, might better concentrate their

energies on the potato, for the tomato is not devel-

oping in that direction ; and even if the tomato

could be made to produce tubers, it would thereby

lessen its fruit production, for plants cannot main-

tain two diverse and profitable crops at the same

time. It is more reasonable, and certainly more

practicable, to grow potatoes on potato plants and

tomatoes on tomato plants.

2. The quickest and most marked results are to

be expected in those groups or species which are nor-

mally the most variable. There are a greater num-

ber of variations or starting-points in such species

;

but it also follows that the forms are less stable

the more the species is variable. Yet the varia-

tions, being very plastic, }deld themselves readily

to the wishes of the operator. Carriere puts the

thought in this form :
" The stability of forms, in

any group of plants, is, in general, in inverse ratio

to the number of the species which it contains,

and also to the degree of its domestication."

The most variable types are the most dominant

ones over the earth ; that is, they occur in greater

numbers and under more diverse conditions than
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the comparatively invariable types do. The com-

posite, or sunflower-like plants, comprise a ninth

or tenth of the total species of flowering plants,

and the larger part of the subordinate types or

genera contain many forms or species. Aster,

goldenrod, the hawkweeds, thistles, and other

groups, are representative of the cosmopolitan or

variable types of composites. Whenever, for any

reason, any type begins to decline in variability,

it also begins to perish ; it is then tending towards

extinction. Monotypic genera— those which con-

tain but a single species— are generally of local

or disconnected distribution, and are, for the most

part, vanishing remnants of a once dominant or

important type. As a rule, most of our widely

variable and staple cultivated species are mem-
bers of large, or at least polytypic genera. Such,

for example, are the apples and pears, peaches

and plums, oranges and lemons, roses, bananas,

chrysanthemums, pinks, cucurbits, beans, potato,

grapes, barley, rice, cotton. A marked exception

to this statement is maize, which is immensely

variable and is generally held to have come from

a single species ; but the genesis of maize is un-

known, and it is possible, though scarcely proba-

ble, that more than one species is concerned in it.

Wheat is also a partial exception, although the

original specific type is not understood ; and the

latest monographers admit three or four other spe-
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cies to the genus, aside from wheat. There are

other exceptions, but they are mostly unimportant,

and, in the main, it may be said that the domi-

nant domestic types of plants represent markedly

polytypic genera.

3. Breed for one thing at a time. The person

who strives at the same time for increase or modi-

fication in prolificacy and flavor will be likely to

fail in both. He should work for one object

alone, simply giving sufficient attention to sub-

sidiary objects to keep them up to normal stand-

ard. This is really equivalent to saying that

there can be no such thing as the perfect all-

around variety which so many people covet. Va-

rieties must be adapted to specific uses,— one for

shipping, one for canning, one for dessert, one for

keeping qualities, and the like. The more good

varieties there are of any species, the more widely

and successfully that species can be cultivated.

4. Do not desire contradictory attributes in any

variety. A variety, for example, which bears the

maximum number of fruits or flowers cannot be

expected to greatly increase the size of those

organs without loss in numbers. This is well

shown in the tomato. The original tomato pro-

duced from six to ten fruits in a cluster, but as

the fruits increased in size the numbers in each

cluster fell to two or three. That is, increase in

size proceeded somewhat at the expense of numer-
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ical productivity
;
yet the total weight of fruit

per plant has greatly increased. The same is

true of apples and pears ; for whilst these trees

bear flowers in clusters, they generally bear their

fruits singly. Originally, every flower normally

set fruit. The reason why blackberries, currants,

and grapes do not increase more markedly in size,

is probably because the size of cluster has been

given greater attention than the size of berry-

Plants which now bear a full crop of tubers

cannot be expected to increase greatly in fruit-

bearing, as I have already explained under

Rule 1. This fact is illustrated in the potato,

in which, as tuber production has increased, seed

production has decreased, so that potato growers

now complain that potatoes do not produce bolls

as freely as they did years ago.

5. Whe7i selecting seeds, remember that the char-

acter of the whole plant is more important than the

character of any one branch or part of the plant

;

and the more uniform the plant in all its parts, the

greater is the likelihood that it will transmit its

characters. If one is striving for larger flowers,

for instance, he will secure better results if he

choose seeds from plants which bear large flowers

throughout, than he will if he choose them from

some one large-flowering branch on a plant which

bears indifferent flowers on the remaining branches,

even though this given branch produce much larger

LOFC.
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flowers than those borne on the large-flowered

plant. Small potatoes from productive hills give

a better product than large potatoes from unpro-

ductive hills. The practice of selecting large

ears from a bin of corn, or large melons from the

grocer's wagon, is much less efficient in produc-

ing large products the following season than the

practice of going into the fields and selecting the

most uniformly large-fruited parents would be.

A very poor plant may occasionally produce one

or two very superior fruits, but the seeds are

more likely to perpetuate the characters of the

plant than of the fruits.

The following experiences detailed by Henri L.

de Vilmorin illustrate my proposition admirably:

" I tried an experiment with seeds of Chrysanthe-

mum carinatum gathered on double, single, and

semi-double heads, all growing on one plant,

and found no difference whatever in the propor-

tion of single and double-flowered plants. In

striped verbenas, an unequal distribution of the

color is often noticed ; some heads are pure white,

some of a self color, and most are marked with

colored stripes on white ground. I had seeds

taken severally from all and tested alongside

one another. The result was the same. All the

seeds from one plant, whatever the color of the

flower that bore them, gave the same proportion

of plain and variegated flowers."
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The second part of my proposition is equally as

important as the first,— the fact that a plant

which is uniform in all its branches or parts is

more likely to transmit its general features than

one which varies within itself. It is well known
that bean plants often produce beans with various

styles of markings on the same plant or even in

the same pod, yet these variations rarely ever

perpetuate themselves. The same remark may
be applied to variations in peas. These illustra-

tions only add emphasis to the fact that intending

plant-breeders should give greater heed than they

usually do to the entire plant, rather than confine

their attention to the particular part or organ

which they desire to improve.

At first thought, it may look as if these facts

are directly opposed to the proposition which I

emphasized in my first lecture, that every branch

of a plant is a potential autonomy, but it is really

a confirmation of it. The variation itself shows

that the branch is measurably independent, but it

is not until the conditions or causes of the vari-

ation are powerful enough to affect the entire

plant that they are sufficiently impressed upon

the organization of the plant to make their effects

hereditary.

There is an apparent exception to the law that

the character of the entire plant is more impor-

tant than any one organ or part of it, in the case
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of the seeds themselves. That is, better results

usually follow the sowing of large and heavy

seeds than of small or unselected seeds from the

same plant. This, however, does not affect the

main proposition, for the seed is in a measure

independent of the plant-body, and is not so

directly influenced by environment as the other

organs are. And, again, the seed receives a part

of its elements from a second or male parent.

The good results which follow the use of large

seeds are, chiefly, greater uniformity of crop,

increased vigor, often a gain in earliness and

sometimes in bulk, and generally a greater ca-

pacity for the production of seeds. These results

are probably associated less with any innate he-

reclitable tendencies than with the mere vegeta-

tive strength and uniformness of the large seeds.

The large seeds usually germinate more quickly

than the small ones, provided both are equally

mature, and they push the plantlet on more

vigorously. This initial gain, coming at the

most critical time in the life of the new indi-

vidual, is no doubt responsible for very much of

the result which follows. The uniformity of crop

is the most important advantage which comes of

the use of large seeds, and this is obviously the

result of the elimination of all seeds of varying

degrees of maturity, of incomplete growth and

formation, and of low vitality.
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Another important consideration touching the

selection of seeds is the fact that very immature

seeds give a feeble but precocious progeny. This

has long been observed by gardeners, but Sturte-

vant, Arthur, and Goff have recently made a

critical examination of the subject. " It is not

the slightly unripe seeds that give a noticeable

increase in earliness," according to Arthur, " but

very unripe seeds, gathered from fruit [tomatoes]

scarcely of full size and still very green. Such

seeds do not weigh more than two-thirds as much
as those fully ripe. They germinate readily, but

the plantlets lack constitutional vigor and are

more easily affected by retarding or harmful

influences. If they can be brought through the

early period of growth and become well estab-

lished, and the foliage or fruit is not attacked by

rots or blights, the grower will usually be re-

warded by an earlier and more abundant crop of

slightly smaller and less firm fruit. These char-

acters will be more strongly emphasized in sub-

sequent years by continuous seed propagation.

"

Goff remarks that the increase in earliness in

tomatoes, following the use of markedly immature

seeds, "is accompanied by a marked decrease in

the vigor of the plant, and in the size, firmness,

and keeping quality of the fruit." These results

are probably closely associated with the chemical

constitution and content of the immature seeds.
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The organic compounds have probably not yet

reached a state of stability, and they therefore

respond quickly to external stimuli when placed

in conditions suitable to germination ; and there

is little food for the nourishment of the plantlet.

The consequent weakness of the plantlet results

in a loss of vegetative vigor, which is earliness

(see Rule 11).

Still another feature connected with the choice

of seeds is the fact that in some plants, as in some

Ipomceas, for example, the color of the seed is

more or less intimately associated with the color

of the flower which produced them and also with

the color of the flowers which they will produce.

6. Plants which have any desired characteristics

in common may differ widely in their ability to

transmit these characters. It is generally impos-

sible for the cultivator to determine, from the

appearance of any given number of similar plants,

which of them will give progeny the most unvari-

able and the most like its parent ; but it may be

said that those individuals which grow in the most

usual or normal environments are most likely to

perpetuate themselves. A very unusual condi-

tion, as of soil, moisture, or exposure, is not easily

imitated when providing for the succeeding gen-

eration, and a return to normal conditions of envi-

ronment may be expected to be followed by a more

or less complete return to normal attributes on the
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part of the plant. If the same variation, there-

fore, were to occur in plants growing under widely

different conditions, the operator who wishes to

preserve the new form should take particular care

to select his seeds from those individuals which

seem to have been least influenced by the imme-

diate conditions in which they have grown.

Again, if the same variation appears both in

uncrossed and crossed plants, the best results

should be expected in selecting seeds from the

former. We have already seen, in the second

lecture, how it is that crosses are unstable, and

how the instability is apt to be the greater the

more violent the cross. " Cross-breeding greatly

increases the chance of wide variation," writes

Henri L. de Vilmorin, " but it makes the task of

fixation more difficult."

It is very important, therefore, when selecting

seeds from plants which seem to give promise of

a new variety, to sow the seeds of each plant

separately, and then make the subsequent selec-

tions from" the most stable generation; and it is

equally important that the operator should not

trust to a single plant as a starting-point, when-

ever he has several promising plants from which

to choose.

7. The less marked the departure from the

genius of the normal type, the greater, in general,

is the likelihood that it will be perpetuated. That
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is, widely aberrant forms are generally unstable.

This is admirably illustrated in crosses. The

seed-progeny of crosses between closely related

varieties, or between different plants of the same

variety, is more uniform and generally more easy

of improvement by selection than the progeny of

hybrids. In uncrossed plants, the general ten-

dency is to resemble their parents, and the greater

the number of like ancestors, the greater is the ten-

dency to "come true." There is thought to be a

tendency, though necessarily a weak one, to return

to some particular ancestor, or to "date back."

This is known as atavism. The so-called atavistic

forms are likely to be unstable, to break up into nu-

merous forms, or to return more or less completely

to the type of the main line of the ancestry. The
following statements touching some of the rela-

tions of atavism to the amelioration of plants, are

the results of an excellent study of heredity in

lupines by Louis Leveque de Vilmorin :
—

"1. The tendency to resemble its parents is

generally the strongest tendency in any plant;

"2. But it is notably impaired as it comes

into conflict with the tendency to resemble the

general line of its ancestry.

" 3. This latter tendency, or atavism, is con-

stant, though not strong, and scarcely becomes

impaired by the intervention of a series of gen-

erations in which no reversion has taken place.
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"4. The tendency to resemble a near pro-

genitor (only two or three generations removed),

on the other hand, is very soon obliterated if the

given progenitor is different from the bulk of

its ancestors."

8. The crossing of plants should be looked upon

as a means or starting-point, not as an end. We
cross two flowers and sow the seeds. The result-

ing seedlings may be unlike either parent. Here,

then, is variation. The operator should select

that plant which most nearly satisfies his ideal,

and then, by selection from its progeny and the

progeny of succeeding generations, gradually ob-

tain the plant which he desires. It is only in

plants which are propagated by asexual parts— as

grafts, cuttings, layers, bulbs, and the like— that

hybrids or crosses are commonly immediately val-

uable; for in these plants we really cut up and

multiply the one individual plant which pleases us

in the first batch of seedlings, rather than to take

the offspring or seedlings of it. Thus, if any

particular plant in a lot of seedlings of crosses

of cannas, or plums, or hops, or strawberries, or

potatoes, is valuable, Ave multiply that one in-

dividual. There is no occasion for fixing the

variety. But any satisfactory plant in a lot of seed-

lings of crosses of pumpkins, or wheat, or beans,

must be made the parent of a new variety by sow-

ing the seeds of it and then by selecting for seed-
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parents, year by year, those plants which are best.

" The unsettled forms arising from crosses," Focke

writes, " are the plastic material out of which

gardeners form their varieties."

But even in the fruits, and other bud-propa-

gated plants, crossing may often be used to as

good advantage for the purpose of originating

variation as it can in peas or buckwheat. It only

requires a longer time to fix and select variations

because the plants mature so sloAvly. Ordinarily,

if the operator does not find satisfactory plants

amongst the seedlings of any cross of fruit trees,

he roots up the whole batch as profitless. But if

he were to allow the best plants to stand and

were to sow seeds from them, the second gen-

eration might produce something more to his

liking. But it is generally quicker to make
another cross and to try the experiment over

again, than to wait for unpromising seedlings to

bear. This repeated repetition of the experiment,

however,— continual crossing and sowing and

uprooting,— is gambling. Throwing dice to see

what will turn up is a comparable proceeding.

The sowing of uncrossed seed is little better.

Peter M. Gideon sowed over a bushel of apple

seed, and one seed produced the Wealthy apple. 1

1 The facts in the origination of the Wealthy apple, as re-

lated to ine by Mr. Gideon, are these : he first planted a bushel

of apple seeds, and then each year, for nine years, he planted
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D. B. Wier raised a million seedlings of soft

maple, and one plant of the lot had finely divided

leaves, and is now Wier's Cntleaved maple. Teas'

Weeping mulberry, which is now so deservedly

popular, was, as Mr. Teas tells me, " merely an

accidental seedling." So this explains why the

production of new varieties of fruits is always

chance, whilst a skilled man can sit in his study

in the winter time and picture to himself a new
bean or muskmelon, and then go out in the next

three or four summers and produce it.

9. If it is desired to employ crossing as a direct

means ofproducing new varieties, each parent to the

proposed cross should he selected in agreement with

the rules already specified, and also because it pos-

sesses in an emphatic degree one or more of the

qualities which it is desired to combine ; and the

more uniformly and persistently the parent pre-

sents a given character, the greater is the chance that

it will transmit that character. It has already

been said that crossing for the instant production

of new varieties is most certain to give valuable

enough seed to give a thousand trees. At the end of ten years,

all the seedlings had perished (this was in Minnesota) except

one hardy seedling crab. Then a small lot of seeds of apples

and crab apples was obtained in Maine, and from these the

Wealthy came. There were only about fifty seeds in the

batch of crab seed which gave the Wealthy ; but before this

variety was obtained, much over a bushel of seed had been

sown.
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results in those species which are propagated by

buds, because the initial individual differences

are not dissipated by seed-reproduction. This

is especially true of hybridization, or crossing

between distinct species ; for in such violent cross-

ing as this the offspring is particularly likely to

be unstable when propagated by seeds. The re-

sults of hybridization appear to be most certain

in those plants which are grown under glass, and

in which, therefore, the selection of the seed-

parents is most carefully made, and where the

conditions of existence are most uniform. The
most remarkable results in hybridization which

have yet been attained are with the choicer glass-

house plants, such as orchids, begonias, anthu-

riums, and the like. (Lecture II.)

The more violent the cross, the less is the likeli-

hood that desirable offspring will follow. Species

which refuse to give satisfactory results when
hybridized directly or between the pure stocks,

may give good varieties when the " blood " has

become somewhat attenuated through previous

crossings. The best results in hybridizing our

native grape with the European grape, for ex-

ample, have come from the use of one parent

which is already a hybrid. Two notable examples

are the Brighton and Diamond grapes, raised by

Jacob Moore. The Brighton is a cross of Con-

cord (pure native) by Diana-Hamburg (hybrid of
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impure native and European). Diamond is a

cross of Concord by Iona, the latter parent un-

doubtedly of impure origin, containing a trace of

the European vine. T. V. Munson's Brilliant is

a secondary hybrid, its parents, Lindley and Dela-

ware, both containing hybrid blood. Others of

his varieties have similar histories. Even when
the cross is much attenuated— or three or four

or even more times removed from a pure hybrid

origin by means of subsequent crossings— it may
still produce marked effects in a cross without

introducing such contradictory characters as to

jeopardize the value of the offspring.

Amongst American fruit plants there are com-

paratively few valuable hybrids. The most con-

spicuous ones are in the grapes, particularly the

various Rogers varieties, such as Agawam, Lind-

ley, Wilder, Barry, and others, which are hybrids

of the European grape and a native species.

Other hybrids are the Kieffer and allied pears

(between the common pear and the Oriental

pear), the Transcendent and a few other crabs

(between the common apple and the Siberian

crab), the Soulard and kindred crabs (between

the common apple and the native Western crab),

a few blackberries of the Wilson Early type

(between the blackberry and the dewberry), the

purple-cane raspberries (between the native red

and black raspberries, and possibly sometimes
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combined with the European raspberry), the

Utah Hybrid cherry (between the Western sand

cherry and the sand plum), and probably a few

of the native plums. There is undoubtedly a

fertile field for further work in hybridizing our

fruits, particularly those of native origin, and

also many of the ornamental plants ; the danger

is that persons are apt to expect too much from

hybridization, and too little from the betterment

of all the other conditions which so profoundly

modify plants. Violent hybridizations generally

give unsatisfactory and unreliable results; but

subsequent crossings, when the "blood" of the

original species to the contract is considerably

attenuated, may be expected to correct or over-

come the first incompatibility, as explained above.

10. Establish the ideal of the desired variety

firmly in the mind before any attempt is made at

'plant-breeding . If one is to make any progress

in securing new varieties, he must first be an

expert judge of the capabilities and merits of

the plants with which he is dealing, otherwise

he may attempt the impossible or he may obtain

a variety which has no merit. It is important,

too, that the person bear in mind the fact that

a variety which is simply as good as any other

in cultivation is not worth introducing. It

should be better in some particular than any

other in existence. The operator must know the
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points of his plant, as an expert stock-breeder

knows the points of an animal, and he must

possess the rare judgment to determine which

characters are most likely to reappear in the

offspring. Inasmuch as a person can be an ex-

pert in only a few plants, it follows that he can-

not expect satisfactory results in breeding any

species which may chance to come before him.

Persistent and uniform effort, continued over a

series of years, is generally demanded for the

production of really valuable varieties. Thus it

often happens that one man excels all competitors

in breeding a particular class of plants. The hor-

ticulturist will recall, for instance, Lemoine in

the breeding of gladiolus, Eckford in peas, Crozy

in cannas, Bruant in pelargoniums, and others.

There are now and then varieties which arise

from no effort, but because of that very fact they

reflect no credit upon the so-called originator,

who is really only the lucky finder. So far as

the originator is concerned, such varieties are

merely chance. If, however, the operator— him-

self an expert judge of the plant with which he

deals— chooses his seeds with care and discrimi-

nation, and then proposes, if need be, to follow up

his work generation by generation by means of

selection, the work becomes plant-breeding of the

highest type.

First of all, therefore, the operator must know
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what he can likely get, and what will likely be

worth getting. Most persons, however, begin at

the other end of the problem,— they get what

they can, and then let the public judge if the

effort has been worth the while.

11. Having obtained a specific and correct ideal,

the operator must next seek to make his plant vary

in the desired direction. This may be done by

crossing, or by modifying the conditions under

which the plant grows, as indicated in Lectures

I. and II. If there are any two plants which

possess indications of the desired attributes, cross

them: amongst the seedlings there may be some

which may serve as starting-points for further

effort.

A change in the circumstances or environment

of the plant may start the desired attribute. If

the plant must be dwarfer, plant it on poorer or

drier soil, transfer it towards the poles, plant it

late in the season, or transplant it repeatedly (see

pages 25 and 143). Dwarf peas become climb-

ing peas on rich, moist soils. If the plant must

have large fruits, allow it more food and room,

and give attention to pruning and thinning. Cer-

tain geographical regions develop certain charac-

ters in plants, as we have seen (page 24); if,

therefore, the desired feature does not appear

spontaneously or as a result of any other treat-

ment, transfer the plant for a time to that region
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which is characterized by such attributes, if there

is any such.

The importance of growing the plant under

conditions or environments in which the desired

type of characters is most frequently found, is

admirably emphasized in the evolution of varieties

which are adapted to forcing under glass. Within

a century,— and in many instances within a

decade or two,— species which were practically

unknown to glass-houses have produced varieties

which are perfectly adapted to them. This has

been accomplished by growing the most tractable

existing varieties under glass, and then carefully

and persistently selecting those which most com-

pletely adapt themselves to their environment and

to the ideals of the operator. One of the most

remarkable examples of this kind is afforded by

the carnation. In Europe it is chiefly a border

or out-door plant, but within a generation it has

produced hosts of excellent forcing varieties in

America, where it is grown almost exclusively as

a glass-house flower. So the carnation types of

Europe and America are widely unlike, and the

unlikeness becomes more emphatic year by year

because of the rapid aberrant evolution of the

American forms.

Sowing the seeds of hardy annual plants in the

fall often generates a tendency to produce thick-

ened roots. The plant, finding itself unable to
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perfect seeds, stores its reserve in the root, and

it therefore tends to become biennial. In this

manner, with the aid of selection and the varia-

tion of the soil, Carriere was able to produce good

radishes from the wild slender-rooted charlock

(Raphanus Raphanistrum).

Lessened vigor, so long as the plant continues

to be healthy, nearly always results in a compara-

tive increase of fruits or reproductive organs.

It is an old horticultural maxim that checking

growth induces fruitfulness. It is largely in con-

sequence of this fact that plants bear heaviest

when they attain approximate maturity. Trees

are often thrown into bearing by girdling, heavy

pruning, the attacks of borers, and various acci-

dental injuries. The gardener knows that if he

keeps his plants in vigorous growth by con-

stantly potting them on into larger pots, he will

get little, or at least very late, bloom. The
plant-breeder, therefore, may be able to induce

the desired initial variation by attention to this

principle. (See discussion of variation in rela-

tion to food supply, page 16.) Arthur has re-

cently put the principle into this formula :
" A '

decrease in nutrition during the period of growth

of an organism, favors the development of the re-

productive parts at the expense of the vegetative

parts." •

A most important means of inducing variation
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is the simple change of seed, the philosophical

reasons for which are explained on pages 59 and

28. A plant becomes closely fitted or accus-

tomed to one set of conditions, and when it is

placed in neAv conditions, it at once makes an

effort to adapt itself to them. This adaptation

is variation. No doubt the free interchange of

seeds between seed-merchants and customers is

one of the most fertile causes of the enormous

increase in varieties in recent times.

When once a novel variety appears, others of a

similar kind are likely soon to follow in other

places, and some persons have supposed that there

is a synchronistic variation in plants, or a tendency

for like variations to appear simultaneously in

widely separated localities. There is perhaps

some remote reason for this belief, because there

is, as Darwin expresses it, an accumulative effect

of domestication or cultivation, by virtue of which

plants which long remain comparatively invariable

may within a short time, when cultivation has

been continued long enough, vary widely and in

many directions; and it is to be expected that

even when plants have long since responded to

the wishes of the cultivator, an equal amount or

accumulation of the force of domestication would

tend to produce like effects in different places.

But it is probable that by far the greater part of

this synchronistic variation is simply an apparent
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one, for whenever any marked novelty appears the

attention of all interested persons is directed to

looking for similar variations amongst their own
plants.

12. The person who is wishing for new varieties

should look critically to all perennial plants, and

particularly to trees and shrubs, for bud-varieties

or sports. It has already been said (pages 28, 6)

that the branches of a tree may vary amongst

themselves in the same way in which seedlings

vary, and for the same reasons. As a rule, any

marked sport is capable of being perpetuated by

bud-propagation. The number of bud-varieties

now in cultivation is really very large. Many of

the cut-leaved and colored or variegated varieties

of ornamental plants were originally found upon

other trees as sports. The " mixing in the hill
"

of potatoes is bud-variation. Nectarines are

derived from the peach, some of them as sports

and some as seedlings. The moss-rose was prob-

ably originally a sport from the Provence rose.

Greening apple trees often bear russet apples, and

russet trees sometimes bear greenings. So far as

I know, there are no varieties of annual plants

which have originated as sports. The probable

reason for this is the fact that the duration of the

plant is short and that its constitution is not pro-

foundly modified in a single generation by the

new circumstances in which it is placed every
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year. The effects of the conditions in which it

lives are recorded in the seeds, and the plant dies

without allowing a second season of growth to

express the impressions which were received in

a former generation. The fact that every branch

of an annual plant— as of perennials— is unlike

every other branch, is evidence enough that the

annual is not unlike the perennial in fundamental

constitution ; and there is every reason to believe

that if any given annual were to become a peren-

nial, it would now and then develop differences

sufficiently pronounced to make them worthy the

name of sports, the same as hyacinths, bouvardias,

trees, and all other perennial plants are apt to do.

Bud-varieties may not only come true from buds

— as grafts, cuttings and layers,— but they occa-

sionally perpetuate themselves by seeds. Now,
these seedlings are amenable to selection, just the

same as any other seedlings are ; the bud-variety,

therefore, may give the initial starting-point for

plant-breeding. But, more than this, it is some-

times possible to improve and fix the type by

bud-selection as well as by seed-selection. Dar-

win cites this interesting testimony :
" Mr. Salter

brings the principle of selection to bear on varie-

gated plants propagated by buds, and has thus

greatly improved and fixed several varieties. He
informs me that at first a branch often produces

variegated leaves on one side alone, and that the
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leaves are marked only with an irregular edging,

or with a few lines of white and yellow. To im-

prove and fix such varieties, he finds it necessary

to encourage the buds at the bases of the most

distinctly marked leaves and to propagate from

them alone. By following, with perseverance, this

plan during three or four successive seasons a dis-

tinct and fixed variety can generally be secured."

Ernest Walker, a careful gardener at New Albany,

Indiana, is of the opinion that the abnormal char-

acter of sports often intensifies itself if the sport

is allowed to remain upon the parent plant for a

considerable time. He has observed this particu-

larly in coleus, where color sports are frequent.

"In these," he says, "the sport begins with a

branch, which may be taken off and propagated as

a new variety. If left on the parent, other parts

of the plant are apt to show similar variations.

Indeed, I think it is not best to be in too great a

hurry to remove a sporting branch, for its char-

acter seems to tend to become more fixed if it

remains on the plant."

13. The starting-point once given, all permanent

progress lies in continued selection. This, as I have

already pointed out, is really the key to the whole

matter. In the greater number of cases, the oper-

ator cannot produce the initial variation which he

desires, but, by looking carefully amongst many
plants, he may find one which shows an indication
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of his ideal. This plant must be carefully saved,

and all the seeds sown in a place where crossing

with other types cannot take place. Of a hun-

dred seedlings from this plant, mayhap one or

two will still further emphasize the character

which is sought. These, again, are saved and all

the seeds are sown. So the operation goes on,

patiently and persistently, and there is reward

at the end. This is the one eternal and funda-

mental principle which underlies the amelioration

of plants under the touch of man ; and because

we know, from experience, that it is so important,

we are sure, as Darwin was, that selection in

nature must be the most potent factor in the

progress of the vegetable world.

But suppose this suggestion of the new variety

does not appear amongst the batch of plants

which we raise? Then sow again: vary the con-

ditions ; select the most widely variable types

;

cross ; at length— if the ideal is true — the sug-

gestion will come. " Cultivation, diversification

of the conditions of existence, and repeated sow-

ings " are the means which Verlot would employ

to induce variations. But the skill and the char-

acter of the final result lie not so much in the

securing of the initial start, as in the subsequent

selection. Nature affords starting-points in end-

less number, but there are few men alert and skil-

ful enough to take the hint and improve it. If I
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want a new tomato, I first endeavor to discover

what I want. I decide that I must have one like

the Acme in color, but more spherical, with a

firmer flesh, and a little earlier. Then I shall

raise an acre of Acme tomatoes, and closely allied

varieties ; or if I cannot do that, I make arrange-

ments to inspect my neighbor's fields. I scruti-

nize every plant as the first fruits are ripening.

Finally, I find one plant— not one fruit— which

is something like the variety which I desire.

Very well ! Wait two to five years, and you shall

see my new variety

!

Some of these initial variations possess no ten-

dency to reproduce themselves. The seedlings of

them may break up into a great diversity of

forms, no form representing the parent closely.

In such cases, it is generally useless to proceed

further with this brood. Another start should be

made with another plant. So it is always impor-

tant, as we have already seen (Rule 6), to have as

many starting-points as possible, to lessen the risk

of failure. Whilst it requires nice judgment to se-

lect those plants which possess the most important

and the most transmissible combination of charac-

ters, the greatest skill is nevertheless required to

carry forward a correct system of selection.

14. Even when the desired variety is obtained, it

must be kept up to the standard by constant attention

to selection. That is, there is no real stability in
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the forms of plant life. So long as the conditions

of existence vary, so long will plants make the

effort to adapt themselves to the changes. No
two seasons are alike, and no two fields, or even

parts of fields, are alike ; and there are no two

cultivators who give exactly the same and equal

attention to tillage, fertilizing, and the other

treatments of plants. All forms or varieties,

therefore, tend to " run out " by variation or

gradual evolution into other forms ; but because

we keep the same name for all the succeeding

generations, we fancy that we still have the same

variety. In 1887 I found a single tomato plant

in my garden in Michigan, which had several

points of superiority over any other of the one

hundred and seventy varieties which I was then

growing. It came from a packet of German seed

of an inferior variety. The tomato was very

solid, an unusually long keeper, productive, and

attractive in size and appearance. The variation

was so promising that I named it in a sketch of

tomatoes which I published that year, calling it

the Ignotum (that is, unknown), to indicate that

the origin of it was no merit of my own. I sent

seeds to a few friends for testing. I sowed the

seeds for about five hundred plants in 1888 in

an isolated patch upon uniform soil. The larger

part of the plants were more or less like the

parent. A few reverted. A few of the best
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plants were selected, and the seed saved. I

then moved to New York and took the seed with

me. This was sown in uniform soil in an iso-

lated position in 1889. This crop, probably as

a result of the careful selection of the year before

and of the change of locality, was remarkably

uniform and handsome. Of the 4-42 plants which

I grew that year, none reverted to the little

Eiformige Dauer, the German variety from which

it had come, but there was some variation in them

due to different methods of treatment. I again

saved the seeds, and I was now ready to intro-

duce the variety. I therefore sold my seed, six

pounds, to V. H. Hallock & Son, Queens, New
York, who introduced it in 1800. The very next

year, 1891, I obtained the Ignotum from fifteen

dealers and grew the plants side by side. Of the

fifteen lots, eight bore small and poor fruits which

were not worth growing and Avhich could not be rec-

ognized as Ignotum ! Grown from our own seed,

it still held its characters well. Here, then, only

a year after its introduction, half the seedsmen

were selling a spurious stock. It is possible that

some of this variation arose from substitution of

other varieties by seedsmen, although I have yet

secured no evidence of any unfair dealing. It is

possible, also, that the product of some of the

samples which I early sent out for testing had

found their way into seedsmen's hands. But I am
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convinced that very much of this variation was

a legitimate result of the various conditions in

which the crops of 1890 had been grown, and the

varying ideals of those who saved the seeds. I

am the more positive of this from the fact that

the Ignotum tomato, as I first knew it and bred

it, appears to be lost to cultivation, although the

name is still used for the legitimate family of

descendants from my original stock. All this

experience illustrates how quickly varieties pass

out by variation and by the unconscious and

unlike selection practised by different persons.

The duration of any variety is inversely propor-

tional to the frequency of its generations. Annual

plants, other conditions being the same, run out

sooner than perennials, because seed-reproduc-

tion— or the generations— intervenes more fre-

quently. Trees, on the other hand, carry their

variations longer, because the seed-generations—
in which departures chiefly take place— are far-

ther apart. Of all the so-called fruit plants, the

strawberry runs out soonest and the varieties

change the oftenest, because a new generation can

be brought into fruit-bearing in two years, whilst

it may require a decade or more to bring a new
generation of apples or chestnuts into bearing.

Yet, my reader will remind me that the Wilson

strawberry has been and is the leading variety in

many places for nearly forty years, to which I
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reply that the Wilson of to-day is not necessarily

the same as that introduced by James Wilson,

simply because the name is the same. Every dif-

ferent soil or treatment tends to produce a different

strain or variation in the Wilson strawberry, as it

does in any other plant ; and every grower, when
setting a new plantation, selects his plants from

that part of his field which pleases him best,

rather than from those plants which most nearly

correspond to the original type of the Wilson.

That is, this unconscious selection on the part of

the grower takes no account of what the variety

was, but only of what it ought to be, and this

ideal differs with every person. It is not surpris-

ing, therefore, to find strains of Wilson strawberry

which are as unlike as many named varieties are ;

and it is to be expected that all of the strains now
in existence have departed considerably from the

original type.

This example borrowed from the strawberry is

a most important one, because it illustrates how a

variety may vary and pass out of existence even

though it is propagated wholly asexually, or by

buds. There are to-day several different types of

Rhode Island Greening apple in cultivation, which

have originated from variations produced by envi-

ronment and by the different models which propa-

gators have had in mind ; and the same is true of

many other fruits.
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All the foregoing remarks demonstrate the

importance of constant attention to selection if

one desires to maintain the exact type of any

variety which he has produced. They explain

the value of the "roguing"— or systematic de-

struction of all " rogues " or non-typical plants—
which is invariably practised by all good seed-

growers. But they still more emphatically show

that every variety is essentially unstable, and that

the only abiding result is constant evolution, the

old forms being left behind as the type expands

into new and better strains. Varieties to be valu-

able, therefore, ought not to be rigidly fixed, and,

fortunately, nature has prescribed that they can-

not be. Probably every decade sees a complete

change in every variety of any annual species

which is propagated exclusively from seeds, and

every century must see a like change in the tree

fruits. These changes are so gradual, and the

original basis of comparison fades away so com-

pletely, that we generally fail to recognize the

evolution.

15. It is evident, therefore, that the most abiding

progress in the amelioration ofplants must come as a

result of the very best cultivation and the most intel-

ligent selection and change of seed. Every reflec-

tive person must admit that the cultivation of

plants— which is the fundamental conception of

agriculture— has been and is crude and imperfect,
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and that there has been no conscious effort on the

part of the human race to produce any given final re-

sult upon the cultivated flora. Yet, this imperfect

cultivation has already modified plants so pro-

foundly that we cannot determine the originals of

many of them, and we can trace the evolution of

but few. The science of rural industry is now
fairly well understood in its essential fundamental

principles, and the intelligence of those classes of

persons who deal with plants is rapidly enlarging.

The opening of the twentieth century will virtu-

ally mark a new era for agriculture, and from

that time on the onward evolution of plants should

proceed confidently and unchecked. Our eyes are

too often dazzled by the novelties which suddenly

thrust themselves upon us, and we look for some
mystic power which shall enable us to produce

varieties forthwith at our will. We need not so

much varieties with new names as we do a general

increase in productiveness and efficiency of the

types which we already possess ; and this augmen-

tation must come chiefly in the form of a gradual

evolution under the stimulus of good care. The
man who will accomplish most for the amelioration

and unfolding of the forms of plants, is he who
fixes his eyes steadily upon the future, and with

the inspiration of a long forecast, urges the better-

ment of all conditions in which plants grow.
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III. Specific Examples.

The foregoing principles and discussions will

become more concrete if a few actual examples of

the origination of varieties are given. In order

to begin with a very simple case, I will relate the

introduction of the varieties of dewberries, for

this fruit is yet little cultivated, the varieties are

few, and the domestication of it is not yet thirty

years old.

The Dewberry and Blackberry*

The dewberries are native fruits, and it is only

within the last ten years that they have become

prominent among fruit-growers. The most impor-

tant one is the Lucretia. This was found grow-

ing wild upon a plantation in West Virginia in

war time. In 1876, a few of the plants were sent

to Ohio, and from this start the present stock has

come. It is probable that similar wild varieties are

growing to-day in many parts of the country, but

they have not chanced to have been seen by per-

sons who are interested in cultivating them. It is

a form of the common wild dewberry, which grows

all over the northeastern states. Just why this

particular patch in West Virginia should have been

so much better than the general run of the species,

nobody knows, but it was undoubtedly the prod-

uct of some local environment of soil or position.

K
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Early in the seventies, T. C. Bartel, of Huey,

Clinton Co., Illinois, observed very excellent dew-

berries growing in rows between the lines of

stubble in an old cornfield, where the plant had

evidently been quick to avail itself of unoccupied

land. This was introduced as the Bartel dew-

berry, and is now the second in point of promi-

nence amongst the cultivated varieties. Other

varieties have appeared in much the same way.

A fruit-grower in Michigan found an extra good

dewberry in a neighboring wood-lot, and intro-

duced it under the name of Geer, in compliment

to the owner of the place. In Florida, an un-

usually good plant of the common wild dewberry

of that region was discovered, and introduced by

Reasoner Brothers, under the name of Manatee.

There are now about twenty named varieties of

dewberries in cultivation, as described in our

horticultural writings, all of which, so far as I

know, are chance plants from the wild.

As the dewberries become more widely grown,

good seedlings will now and then appear in cul-

tivated ground, and these will be named and

sold. After a time persons will begin to sow

seeds for the purpose of producing new varieties ;

and those seedlings which chance to possess un-

usual merit will be propagated, and in due time

introduced. This is the history of the cultivated

blackberries and raspberries which have come
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from the wild plants in less than half a century.

These fruits are now so far developed that we no

longer think of looking to the woods and copses

for new varieties of promise, but the novelties are

mostly chance seedlings from cultivated varieties.

A few years ago a friend purchased plants of the

Snyder blackberry. When they came into bear-

ing he noticed that one plant was better than the

rest. It bore larger fruits, and the bearing season

was longer. He took suckers from this plant,

and from these others were taken, until he now has

a large plantation of the novelty, mostly selected

from plants which pleased him best. The variety

has such distinct merit that I have named it the

Mersereau, in honor of the man who recognized

and propagated it. He will continue selecting

from the best plants, as he propagates year by

year, and it may be that in a few years he will

have so much improved it that it will no longer

be the variety with which he started.

The Apple.

The original apple is not definitely known, but

it was certainly a very small and inferior, crabbed

fruit, borne mostly in clusters. When we first

find it described by historians, it was still of small

value. Pliny said that some kinds were so sour

as to take the edge off a knife. But better and
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better seedlings continued to come up about habi-

tations, until, when printed descriptions of fruits

began to be made, three or four hundred years

ago, there were many named kinds in existence.

The size had vastly improved, and with this in-

crease came the reduction of the number of fruits

in the cluster; so that, at the present time, whilst

apple flowers are borne in clusters, the fruits are

generally borne singly. That is, most of the

flowers fail to set fruit, and they complete their

mission when they have shed their pollen for the

benefit of the one which persists.

The American colonists brought with them the

staple varieties of the mother countries. But

the needs of the new country were unlike those

of the old, and the tastes and fashions of the

people were changing. So, as seedlings came up

about the buildings and along the fences, where

the seeds had been scattered, the ones which prom-

ised to satisfy the new needs best were saved, and

many of the old varieties were allowed to pass

away. In 1817, the date of the first American

fruit-book, over sixty per cent of the varieties

particularly recommended for cultivation in this

country were of American origin. In 1845,

nearly two hundred varieties of apples were de-

scribed as having been fruited in this country,

o*f which over half were of American origin. Be-

tween these two dates, introductions of foreign
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varieties had been freely made, so that the per-

centage of domestic varieties had fallen. But

the next thirty years saw a great change. Of

1823 varieties described in 1872, nearly or quite

seventy per cent were American, and a still greater

proportion of the most prized kinds were of

domestic origin. In the older states, the apple

had now become so thoroughly accustomed to its

environment, and the tastes of the people were

so well supplied, that there was no longer much
need for the introduction of foreign kinds. It

was not so in the Northwest. There the apples

of the eastern states did not thrive. The climate

was too cold and too dry. Attention was turned

to other countries with similar or rigorous cli-

mate. In 1870, the Department of Agriculture

at Washington imported cions of many varieties

of apples from Russia; but these did not satisfy

many fruit-growers of the northern states. It

was then conceived that the great interior plain

of Russia should yield apples adapted to the upper

Mississippi valley, whilst those already imported

had come from the seaboard territory. Accord-

ingly, early in the eighties, Charles Gibb, of the

province of Quebec, and Professor Budd, of Iowa,

went to Russia to introduce the promising fruits

of the central plain. The result has been a most

interesting one to the pacific looker-on. There

are ardent advocates of the Russian varieties, and
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there are others who see nothing good in them.

There are those who believe that all progress

must come by securing seedlings from the hardi-

est varieties of the eastern states; there are others

who would derive everything from the Siberian

crabs, and still others who believe that the final

result lies in improving the native crabs. There

is no end of discussion and cross-purposes. In

the meantime, nature is quietly doing the work.

Here is a good seedling of some old variety, there

a good one from some Russian, and now and then

one from the crab stocks. The new varieties are

gradually supplanting the old, so quietly that few

people are aware of it; and by the time the con-

testants are done disputing, it will be found that

there are no Russians and no eastern apples, but

a brood of northwestern apples which have grown
out of the old confusion.

All these new apples are simply seedlings,

almost all of them chance trees which come up
here and there wherever man has allowed nature

a bit of ground upon which to make garden as

she likes. In 1892, there were 878 varieties of

apples offered for sale by American nurserymen,

and it is doubtful if one in the whole lot was the

result of any attempt on the part of the originator

to produce a variety with definite qualities. And
what is true of the apple, is about equally true

of the other tree fruits. In the small fruits and
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the grapes, where the generations are shorter and

the results quicker, more has been done in the

way of direct selection of seeds and the crossing

of chosen parents; but even here, the methods

are mostly haphazard.

Beans.

Perhaps there are no plants more tractable in

the hands of the plant-breeder than the garden

beans. Some two or three years ago, a leading

eastern seedsman conceived of a new form of bean

pod which would at once commend itself to his

customers. He was so well convinced of the

merits of this prospective variety, that he made

a descriptive and " taking " name for it. He then

wrote to a noted bean-raiser, describing the pro-

posed variety and giving the name. " Can you

make it for me ? " he asked. " Yes, I will make
you the bean," replied the grower. The seeds-

man then announced in his catalogue that he

would soon introduce a new bean, and, in order

to hold the name, he published it, along with the

announcement. Two years later, I visited the

bean-grower. " Did you get the bean ? " I asked.

"Yes, here it is." Sure enough, he had it, and it

answered the requirements very well. Another

seedsman would like a round-podded, stringless,

green-podded bean. This same man produced
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it, and I went into a field of fifteen acres of it,

where it was growing for seed, and the most fas-

tidious person could not have asked for a closer

approach to the ideal which the breeder had set

before him some four or five years before.

How is all this done ? It looks simple enough.

The ideal is established first of all. The breeder

revolves it in his mind, and eliminates all the

impracticable and contradictory elements of it.

Then he goes carefully and critically through his

bean fields, particularly those varieties which are

most like the desired kind, and marks those plants

which most nearly approach his ideal The seeds

of these are carefully saved, and they are planted

in isolated positions. If he finds no promising

variations amongst his plantations, then he must

start off the variation in some other way. This

is usually done by crossing those varieties which

are most like the proposed kind. He has got a

start ; but now the science and skill begin. Year

by year he selects just those plants which please

him best and which he judges, from experience,

will most surely carry their features over to the

offspring. He starts with one plant ; the next

year he may have only two. If he has ten or

twenty good ones, then the task is an easy one,

for the variety has elements of permanence— that

is, of hereditability— in it. But he may have no

plants the second year. In that case, he begins
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again ; for if the ideal is true, it can be attained.

This bean-breeder to whom I have referred, and

upon whom many of our best seedsmen rely for

new varieties, tells me that he has discarded fully

three thousand varieties and forms as profitless.

This only means that he is a most astute judge

of beans, and that he knows when any type is

likely to prove to be a poor breeder.

The bean also affords an excellent example of

the care which it is generally necessary to exercise

to keep any variety true to the type. The person

of whom I have spoken, in common with all care-

ful seed-growers, searches his field with great

pains to discover the "rogues," or those plants

which vary perceptibly from the type of the given

variety. The rogue may be a variation in size or

habit of plant, season of maturity, color or form

of pods, productiveness, susceptibility to rust, or

other aberrance. In the dwarf or bush beans,

which are now most exclusively grown, the most

frequent rogue is a climbing or half-climbing

plant. This is a reversion to the ancestral type

of the bean, which was no doubt a twining plant.

This rogue is always destroyed, even though it

may be, itself, a good bean. In some cases, the

men who perform the roguing are sent along

every row of a whole field on their hands and

knees, critically examining every plant. The ef-

fect of this continual selection is always to push
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on the variety to greater excellence. The vari-

ous " improved " strains of plants are obtained in

essentially this fashion. If the grower has been

painstaking with his roguing, he soon finds that

his seed gives better and more uniform crops than

the common stock of the variety. If the improve-

ment is marked, he may dignify his strain with

a distinct name, and it thereby becomes a new

variety. The improvement may be a very im-

portant one to a careful bean-grower, and at the

same time be so slight as to escape the attention

of the general farmer, or even of experimenters

who are not particularly skilled in judging the

merits of beans.

All these examples drawn from the bean are

excellent illustrations of the best and most scien-

tific plant-breeding, and the same methods— varied

to suit the different needs— apply to the ameliora-

tion of all other plants. The recent dwarf Lima

beans may be cited as examples of accidental or

fortuitous varieties, in which the preconstructed

ideal of the plant-breeder had no place. Four or

five of these beans have attained some prominence.

Henderson and Kumerle dwarf Limas were intro-

duced in 1889, Burpee in 1890, and Barteldes in

1892 or 1893. The variety which is now called

the Henderson was picked up twenty or more

years ago by a negro, who found it growing along

a roadside in Virginia. It was afterwards grown
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in various gardens, and about 1885 it fell into the

hands of a seedsman in Richmond. Henderson

purchased the stock of it in 1887, grew it in

1888, and offered it to the general public in 1889.

The introduction of Henderson's bean attracted

the attention of Asa Palmer, of Kennett Square,

Pennsylvania, who had also been growing a dwarf

Lima. He called upon Burpee, the well-known

seedsman of Philadelphia, described his variety,

and left four beans for trial. These were planted

in the test grounds and were found to be valuable.

Mr. Palmer's entire stock was then purchased,—
comprising over an acre, which had been carefully

inspected during the season— and Burpee Bush
Lima was presented to the public in the spring of

1890. Mr. Palmer's dwarf Lima originated in

1883, when his entire crop of Large White (Pole)

Limas was destroyed by cut-worms. He went

over his field to remove the poles before fitting

the land for other uses, but he found one little

plant, about ten inches high, which had been cut

off about an inch above the ground but which had

re-rooted. It bore three pods, each containing one

seed. These three seeds were planted in 1881,

and two of the plants were dwarf, like the parent.

By discarding all plants which had a tendency to

climb, in succeeding crops, the Burpee Bush Lima,

as we now have it, was developed. The Kumerle,

Thorburn, or Dreer, Dwarf Lima originated from
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occasional dwarf forms of the Challenger Pole

Lima, which J. W. Kumerle, of Newark, New
Jersey, found growing in his field. The stock

which came from these selected dwarf plants was

introduced by Thorburn and Dreer, under their

respective names. The singular Barteldes Bush

Lima came from Colorado, and is a similar dwarf

sport of the old White Spanish or Dutch Runner

bean. Barteldes received about a peck of the

seed and introduced it sparingly. It attracted

very little attention, and as the following season

was dry, Barteldes himself failed to get a crop,

and the variety was lost to the trade.

Carinas.

Few plants have shown more remarkable evolu-

tions in very recent years than the cannas. At
the present time, the Crozy cannas— so named

from Crozy, of Lyons, France, who has introduced

the greater number of them— are most popular.

This type is often called the French Dwarf, or

the Flowering Canna, and it is marked by a com-

paratively low stature, and very large and showy

spreading floAvers in many colors, whereas the can-

nas of a few years ago were very tall plants, with

small and late dull red, narrow flowers, and they

were grown exclusively for their foliage effects.

How has this transformation come about?
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In the first place, it should be said that there

are many species of canna, and about a half dozen

of these were well known to gardeners at the

opening of the century. About 1830, the cannas

began to attract much attention from cultivators,

and the original species were soon variously hybrid-

ized. Crossed seeds, and seeds from the succes-

sive generations of hybrids, introduced a host of

new and variable forms. The first distinct fash-

ion in cannas seems to have been for tall, late-

flowering forms. In 1848, Annee, a cultivator in

France, sowed seeds of Canna Nepalensis, a tall

oriental species, and there sprung up a race of

plants which has since been known as Canna
Annsei. It is probable that this Canna Nepalensis

had become fertilized with other species growing

in Annee's collection, very likely with Canna
glauca. At any rate, this race of cannas became

popular, and was to its time what the French

dwarfs are to the present day. The plants were

freely introduced into parks, beginning about

1856, but their use began to wane by 1870

or before. Descendants of this type, variously

crossed and modified, are now frequently seen

in parks and gardens.

The beginning of the modern race of dwarf,"

large-flowered cannas was in 1863, when one of

the smaller-flowered Costa Rican species (Canna
Warscewiczii) was crossed upon a large-flowered
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Peruvian species (Canna iridiflora) . The off-

spring of this union came to be called Canna
Ehemanni. This hybrid has been again variously

crossed with other species, and modified by culti-

vation and selection, until the present composite

type is the result. Seeds give new varieties; and

any seedling which is worth saving is thereafter

multiplied by divisions of the root, and the result-

ing plants are introduced to commerce.

These various examples are but types of what
has been and can be accomplished in a given group

of plants. There is nothing mysterious about the

subject, so far as the cultivator is concerned. He
simply sets his ideal, makes sure that it does not

contradict any of the fundamental laws of devel-

opment of the plant with which he is to work,

then patiently and persistently keeps at his task.

He must have good judgment, skill, and inspira-

tion, but he does not need genius.
u In the improvement of plants," writes Henri

L. de Vilmorin, "the action of man, much like

influences which act on plants in the wild state,

only brings about slow and gradual changes, often

scarcely > noticeable at first. But if the efforts

toward the desired end be kept on steadily, the

changes will soon become greater and greater, and

the last stages of the improvement will become
much more rapid than the first ones."



LECTURE IV.

RECENT OPINIONS: BEING A RESUME OP THE
INVESTIGATIONS OF DE VRIES, MENDEL, AND
OTHERS, AND A STATEMENT OF THE CURRENT
TENDENCIES OF AMERICAN PLANT-BREEDING
PRACTICE.

In the first and second editions, Lecture IV. was

devoted to " Borrowed Opinions," being extracts

from representative European writings. The chap-

ter contained a conspectus of Verlot's opinions re-

specting the production of varieties, as expressed

in his "Sur la Production et la Fixation des vari-

etes dans les Plantes d'Ornement"; also a rather

full transcript of Carriere's account of bud-varie-

ties from his " Production et Fixation des Vari-

etes dans les Vegetaux "
; and a translation of

Focke's discussion of the characteristics of crosses

from Chapter IV. of "Die Pflanzen-Mischlinge."

Since 1895 a very great change of view has taken

place in respect to all the matters discussed in

those papers, although the vexed questions asso-

ciated with bud-variation are not yet greatly elu-

cidated. It has seemed best, therefore, to devote

this chapter now to the recent opinions rather

than to the older opinions. The idea of the " fixa-

tion of varieties "— as a chemist might speak of

143
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the fixation of gases or other substances—will not

apply to plants. In fact, the production of mere

"varieties" is a passing ideal, for we are now

endeavoring to produce characters or units.

Varieties are not entities, or real units. The

point of emphasis has shifted. It is suggestive

that the term "plant-breeding," rather than the

"production of varieties,** is now current, indicat-

ing that we now conceive primarily of a process :

this process, when intelligently followed, may pro-

duce plants of new value.

I. Some Recent Ideas on the Evolution
of Plants. 1

There is endless dissimilarity in nature. No
two plants and no two animals are exactly alike.

There are more plants and animals than can find

a place in which to live and thrive. There results

a struggle for existence. Those animals or plants

which, by virtue of their individual differences or

peculiarities, are best fitted to the conditions in

which they are placed, survive in this struggle for

existence. They are " selected " to live. Those

that survive, propagate their peculiarities. By

1 Address before the Society for Plant Morphology and Physi-

ology, Washington, December 20. 1902. Printed in Science,

March 20, 1903, but now somewhat modified. The greater part

of this essay that relates to the De Vriesian views was read and

corrected in the manuscript by Professor de Vries.
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virtue of continued variation, and of continual se-

lection along a certain line, the peculiarities may
become augmented ; finally the gulf of separation

from the parental stem becomes great, and what

we call a new species has originated.

This, in epitome, is the philosophy of Darwin

in respect to evolution of organic forms. It con-

tains the well-known postulate of natural selec-

tion, the principle that we know as Darwinism.

This principle has had more adherents than any

other hypothesis of the process of evolution. All

recent hypotheses in some way relate to it. A
number of them modify it, and some dispute it.

The most pronounced counter-hypothesis is also

the newest. It is that of Professor de Vries,

botanist, of Amsterdam, who denies that natural

selection is competent to produce species, or that

organic ascent is the product of small differences

gradually enlarging into great ones. According

to De Vries's view, species-characters arise sud-

denly, or all at once, and they are ordinarily stable

from the moment they arise.

a. Variation: De Juries.

De Vries conceives that variations, or differ-

ences, are of two general categories: (1) Va-

riation proper, or small, fluctuating, unstable

differences peculiar to the individual (only par-
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tially transmitted to offspring); and (2) muta-

tions, or differences that are usually of marked

character, appear suddenly and without transition

to other forms and are at once the starting-points

of new races or species. Variations proper may
be due to the immediate environment in which the

plant lives.
m
The mutations are due to causes yet

unknown, although these causes are considered to

be physiological.

Natural selection works on both variations and

mutations by eliminating the forms that are least

adapted to persist. It is conceived to be a de-

structive, not a constructive or augmentative

agency. It merely weeds out.

We may first consider selection with reference

to variations proper. Among variations, or indi-

vidual fluctuations, there may be a slight cumula-

tive effect of selection, but it is incompetent ever

to enlarge the differences into stable character-

istics ; and when natural selection ceases to act,

the so-called variety falls back into its original

form or splits up into other forms. Varieties

of this kind are notably indefinable and unstable.

It is impossible to " fix " them in any true sense ;

selection only preserves them, and when it is

removed they perish as varieties. They are rela-

tively only temporary and have no effect on phy-

logeny. Many of the minor adaptations of plants

to the particular conditions in which they chance
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for the time being to be placed, are of this category.

Much of the variation which results in acclimati-

zation belongs here. The fluctuating horticul-

tural varieties and gardeners' " strains " are of

this kind. This discussion of the effect of cessa-

tion of selection recalls Weismann's panmixia, a

name proposed to designate the breaking up of

varietal or specific characteristics when natural

selection ceases to act. Panmixia is not of itself

an original force or an agency ; it is merely a

name for the results of all the forces or energies

which are allowed to assert themselves when the

restricting force of natural selection is removed.

In De Vries's view, the progress made by selection

must be maintained by selection.

We may next consider selection with reference

to mutations. The mutations are practically stable

or "fixed" the moment they arise. Of course

there may be individual fluctuations or variations

proper, amongst plants that have sprung from a

mutated individual ; but the main characteristics

of the mutations are heritable. An organism is a

complex of organs and attributes. Each attribute

is a unit. From any unit a new unit may arise

by mutation. The origination of a new unit con-

stitutes at once a full and important character and

marks the organism that possesses it as a new
physiological species. Not only one unit, but any

number of units, may give rise to mutations ; and
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any one of these new mutations may give rise to

other mutations. But the point is, that these

mutations, be they great or small, arise by steps,

are full formed when they arise, and do not grow

or enlarge into other mutations. The mutations

are multifarious (aU-seitig), occurring apparently

at random and in diverse directions, and with-

out regard to fitness. They may be either quan-

titative or qualitative. Variations proper arise

mostly in a definite line. Now, natural selection

may weed out mutated individuals as it does mere

variant individuals ; and thus breaks may arise

in the chain, and we have left what we know as

taxonomic species.

Natural selection, with survival of the fittest, is,

therefore, of two categories, at least so far as results

are concerned,— that which operates within the

species and results in the formation of local minor

races, and that which operates between species and

results in the formation of a line of ascent.

Everywhere and always plants are variable.

Now and then and relatively rarely, plants are

mutative. Any man who sees two plants, sees

variation : there are no two plants alike. Only

he who studies and observes critically, sees muta-

tion. One must examine a hundred or a thou-

sand or ten thousand individuals. In De Vries's

extended experiments with (Enothera, only 1.5

per cent of the plants were mutative, and muta-
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tion is undoubtedly more common in cultivation

than in the wild, and the mutated individuals are

more likely to persist. The investigator should

employ only statistical methods of comparison.

He should contrast unit-characters rather than in-

dividuals as a whole. Moreover, not only are the

numbers of mutating individuals relatively uncom-

mon, but the species may not now be in a muta-

tive epoch.

In other words, there are epochs in the history

of the plant when mutations occur. These are

the "mutation-periods" of De Vries. There are

epochs of non-mutations, when no progress seems

to be making. It may be conceived that some

force is withholding or restraining the mutative

impulse. This force is what we are in the habit

of calling heredity. When heredity is overcome,

there arises a "premutation- period," in which the

mutations are beginning to express themselves ;

and eventually the full mutation-period may ap-

pear. Heredity and non-heredity, these are the

ever opposing and ever contrasting forces in or-

ganic life, the one resulting in the survival of the

like, the other resulting in the survival of the

unlike. One is heredity; the other is variation.

One makes for continuity ; the other for evolution.

No hypothesis of the energy of evolution is per-

fect that does not account for both. A theory of

heredity, or continuity, must also account for the
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opposite of itself. It is not easy to construct a

hypothesis or a metaphor that will accomplish this.

The phenomena of continuity and discontinuity

were well contrasted by Korschinsky. These

phenomena, he conceived, are the results of two

antagonistic tendencies. Under normal or usual

conditions heredity is the stronger force. The

tendency to vary is always present, being predis-

posed by environment but not caused by it ; when
it gathers the necessary energy it overbreaks the

power of inheritance and sudden variations or

sports arise, and these sports are the starting-

points of evolution. This discontinuous evolu-

tion is called by him heterogenesis.

The conceptions of per saltum variations of

Korschinsky and De Vries seem to be practically

identical. De Vries has carried his work further,

into the realm of actual experimental investiga-

tion. He studied many species of plants in the

hope of finding one or more that might be in its

mutation-period. Finally, he chose the common
evening primrose, (Enothera Lamarckiana, and by

continual sowing of seeds and raising of great

numbers of plants he discovered several truly

mutative forms. These forms reproduce them-

selves by means of seeds as accurately as accepted

species do. He has given some of them specific

names. The full experimental history of them is

given in the first volume of his brilliant work,
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"Die Mutationstheorie." These forms, he con-

tends, are true elementary species. That is, they

have new specific characters. These characters

are heritable. It does not matter whether these

characters are large or small— they become phylo-

genetic. These plants having the new specific

characters may not be species in the Linnaean or

historic or morphological sense, but they are real

entities. We must give up the historical view of

species when we study the evolution of organic

forms. Historic or Linneean species are taxonomic

conceptions ; the evolutional or elementary spe-

cies are physiological conceptions.

The different categories of species, as respects

their origin, are given as follows by De Vries :
—

A. Origin by means of formation of new char-

acters, or progressive species-origin.

B. Origin without formation of new characters.

1. By the becoming latent (latentwerdeii) of

present characteristics, or retrogressive

species-origin. Atavism in part belongs

here.

2. By the becoming active (activirung) of

latent characteristics, or degressive spe-

cies-origin [degress, to come down from,

to come out of]

.

(a) Taxonomic anomalies.

(b) True atavism.

3. By means of hybrids.
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It will now be seen that the mutation theory of

De Vries, which is in some respects a rephrasing

and an extending of the old idea of sports, does

not of itself introduce any new theory of the

dynamics of evolution. It is not a theory of

heredity nor of variation. His hypothesis of " in-

tracellular pangenesis " carries the explanation of

these phenomena one step further back, however.

The plant cells give off pangenes. Each of these

pangenes divides into two. Ordinarily, these two

resemble the parent ; but now and then one of

them takes on a new character— the two become

unlike— and gives rise to a mutation. This hy-

pothesis, like Darwin's pangenesis, is useful as a

graphic basis for discussion, whether or no it has

real physiological foundation.

The most emphatic points of the mutation

theory as they appeal to me are these : (1) It

classifies variation into kinds that are concerned

in evolution and kinds that are not ; and thereby

it denies that all adaptation to environment makes

for the progress of the race. (2) It denies the

power of natural selection to fix, to heap up, or

to augment differences until they become truly

specific. (3) It separates the results of struggle

for existence and survival of the fittest into two

categories, only one of which has an effect on

phylogeny. (4) It asserts that evolution takes

place by steps, and not by a gradual unfolding of
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one form into another,— that it is discontinuous

rather than continuous. (5) It enforces the im-

portance of critical comparative study of great

numbers of individuals. (6) It challenges the

validity of the customary conception of species as

competent to elucidate the method of evolution.

There will arise confusion, in the forthcoming

discussions of the theory of discontinuity, as to

what is a species ; but this confusion is not new.

There are two conceptions of species: (1) As
taxonomic groups, more or less arbitrarily made

for purposes of classification
; (2) as real things,

marked by recordable differences however small

or great, and conceived to be the actual steps in

the phylogeny of the race. These categories are

so distinct that they would not be confounded ex-

cept for the unfortunate circumstance that we use

one word (species) for the two. There has been

a growing conviction that the two classes must be

sharply separated when evolution questions are

discussed. Nearly ten years ago I endeavored to

combat the species-dogma from the garden point

of view, as, in differing ways, others had done be-

fore (" Survival of the Unlike," Essay IV.). The

confusion of the two conceptions expresses itself

in the terminology of plant-breeding. Some writ-

ers define hybrid, for example, as a cross between

species ; this is the classificatory idea. Others

define it to be any cross. The former use of the
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word is more proper merely because it is the his-

toric use, originating as a systematist's concept.

The latter idea should have been expressed by a

new word. It is for this reason that I have held

to the old or systematic definition of hybrid ; but

there is no appeal against usage, so, while still

proclaiming the righteousness of my cause as an

easement of my conscience, I strike my colors and

henceforth use the word hybrid for a cross of any

kind or degree. How often does mere language

confuse us !

From an argumentative point of view, it will be

difficult to determine, in a given case, just what

are variations and what mutations, for these cate-

gories are separated not by any quantitative or

qualitative characters— the " step " from one to

the other may be ever so slight— but by the test

that one kind is fully heritable and the other only

partially so. If a mutation is to be defined as a

heritable form, then it will be impossible to con-

trovert the doctrine that evolution takes place by
mutation, because the mutationist can say that any

form that is inherited is by that fact a mutation.

This will be equivalent to the position of those

who, in the Weismannian days, denied the trans-

mission of acquired characters, but defined an

acquired character to be one that is not transmis-

sible. However, it is to be hoped that the dis-

cussion of the mutation theory will not degenerate
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into a mere academic debate and a contention over

definitions. Professor de Vries himself has set

the direction of the discussion by making actual

experiments the test of the doctrine. There will

be confusing points, and times when we shall dis-

pute over particular' forms as to whether they are

variations or mutations ; but every one who has

studied plants from the evolution point of view

will be prepared to believe that species do origi-

nate by mutation. De Vries's work will have a

profound and abiding influence on our evolution

philosophies. For myself, I am a Darwinian, but

I hope that I am willing to believe what is true,

whether it is Darwinian or anti-Darwinian. My
own belief is that species do originate by means

of natural selection, but that not all species so

originate.

b. Heredity : Mendel.

De Vries made a thorough search of the litera-

ture of plant evolution. In an American publica-

tion 1 he saw a reference to an article on plant

1 The following extract from a recent letter from Professor

de Vries (printed here by permission) will explain the refer-

ence in the text: "Many years ago you had the kindness to

send me your article on Cross-Breeding and Hybridizing of 1892;

and I hope it will interest you to know that it was by means of

your bibliography therein that I learnt some years afterwards

of the existence of Mendel's papers, which now are coming to

so high credit. Without your aid I fear I should not have found
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hybrids by G. Mendel, published in 1865 in the

proceedings of a natural history society of Brunn
in Austria. On looking up this paper he was
astonished to find that it discussed fundamental

questions of hybridization and heredity, and that

it had remained practically unknown for a genera-

tion. In 1900 he published an account of it, and

this was soon followed by independent discussions

by Correns, Tschermak, and Bateson. In May,

1900, Bateson gave an abstract of Mendel's work
before the Royal Horticultural Society of Eng-
land ; and later the society published a translation

of Mendel's original paper. It is only within the

present year, however (1902), that a knowledge
of Mendel's work has become widespread in this

country. Perhaps the agencies that are most

responsible for dissemination of the Mendelian

ideas in America are the instruction given by
Webber and others in the Graduate School of

Agriculture at Columbus last summer, and the

prolonged discussion before the International

Conference on Plant-Breeding at New York last

fall (1902). Lately, several articles on the sub-

ject have appeared from our scientific press.

them at all." My reference to Mendel in the bibliography-

referred to was taken from Focke's writing. I had not seen

Mendel's paper. The essay, " Cross-Breeding and Hybridizing,"

forms Chapter II. of the present book ; but the bibliography that

accompanied it was not reprinted until the second edition of the

book.
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Mendel's work is important because it cuts

across many of the current notions respecting

hybridization. As De Vries's discussions call a

halt in the current belief regarding the gradual-

ness and slowness of evolution, so Mendel's call

a halt in respect to the common opinion that the

results of hybridizing are largely chance, and that

hybridization is necessarily only an empirical sub-

ject. Mendel found uniformity and constancy of

action in hybridization, and to explain this uni-

formity he proposed a theory of heredity.

One of the most significant points connected

with Mendel's work is the great pains he took to

select plants for his experiments. He believed

that hybridism is a complex and intricate subject,

and that, if we are ever to discover laws, we must

begin with the simplest and least complicated

problems. He was aware of the general belief

that the most diverse and contradictory results

are likely to follow any hybridization. He con-

ceived that some of this diversity may be due to

instability of parents rather than to the proper

results of hybridizing. He also saw that he must

exclude all inter-crossing in the progeny. Fur-

thermore, the progeny must be numerous, for,

since incidental and aberrant variation may arise

in the plants, it is only by a study of averages of

large numbers that the true results of the hybrid-

izing are to be discovered. Moreover, the study
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must be more exact than a mere contrasting and

comparing of plants : character must be compared

with character.

The garden pea seemed to fulfil all the require-

ments. Mendel chose well-marked horticultural

races or varieties. These he grew two years

before the experiment proper was begun in order

to determine their stability or trueness to type.

When the experiments were finally begun, he

used only normal plants as parents, throwing out

such as were weak or aberrant. Peas are self-

fertile. It was to be expected that under such

conditions the hybrid offspring would show uni-

formity of action ; and it did.

In order to study the behavior of the hybrids, it

was necessary to choose certain prominent marks

or characters for comparison. Seven of these

characters were selected for observation. These

marks pertain to seed, fruit, position of flowers,

and length of stem, and they may be assumed to

be representative of all other characters in the

plant. These characters were paired (practically

opposites), as long-stem vs. short-stem, round-seed

vs. angular-seed, inflated-pod vs. constricted-pod.

They were "constant" and "differentiating." Of
course every parent plant possessed one or the

other of every pair of contrasting characters; but

in order to facilitate his studies, Mendel chose a

special set of parents to illustrate each character,
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studying seecl-shape in one set of hybrids, seed-

color in another, pod-shape in another; in this

way he avoided complication in the results. Since

it is not my purpose to discuss Mendel's work
in detail, but only the general significance of its

results, as they appeal to me, I need not describe

these characters here. It will be sufficient if I

choose only one, the shape of the seed.

The seed-shape characters were roundness and

angularity— the former being the " smooth " pea

of gardeners and the latter the " wrinkled " pea.

Let us suppose that twenty-five flowers on round-

seeded plants were cross-pollinated in the summer
of 1900 with pollen from angular-seeded plants,

or vice versa, and that an average of four seeds

formed in each pod. With the death of the

parent plants the old generation ended, and the

100 seeds that matured in 1900— the year in

which the cross was made— began the next gen-

eration ; and these 100 seeds were hybrids. Now,
all these 100 seeds were round. Roundness in

this case was "dominant." (Dominance pertain-

ing to the vegetative stage of the plant of course

would not appear until 1901, when the seeds

"grow.") These seeds are sown in the spring

of 1901. If each seed be supposed to give rise to

four seeds— or 400 in all— this next generation

of seeds (produced in 1901) will show 300 round

and 100 angular seeds. That is, the other seed-
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shape dow appears in one-fourth of all the prog-

eny; this character is said to have been u reces-

sive" in the first hybrid generation. If the 100

angular seeds, or recessives, are sown in 1902, it

will be found that all the progeny will be angular-

seeded or will " come true " ; and this occurs in

all succeeding generations providing no crossing

takes place. If the 300 round seeds, or domi-

nants, are sown in the spring of 1902, it will be

found that 100 of them produce dominants only,

and that 200 of them behave as before— one-

fourth giving rise to recessives and three-fourths

to dominants ; and this occurs in all succeeding

generations providing no crossing takes place. In

other words, the three-fourths of dominants in

any generation are of two kinds,— one-third that

produce only dominants, and two-thirds that are

hybrids. That is, there is constantly appearing

from the hybrids one-fourth part that are re-

cessives, one-fourth part that are constant domi-

nants, and one-half part that are dominants to

all appearances, but which in the next genera-

tion break up again into dominants and reces-

sives. This one-half part that breaks up into the

two characters are the true hybrids ; but they

are hybrids only in the sense that they hold each

of the two parental characteristics — roundness

and angularity— in their purity and not as blends

or intermediates ; and these two characteristics
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reappear in all succeeding generations in a definite

mathematical ratio. Proportionally, these facts

may be expressed as follows :
—

1900. 1901. 1902. 1903.

4 D 16 D

1 seed

It will be seen that two-thirds of the dominants

break up the following year into one-fourth con-

stant dominants, one-fourth recessives, and one-

half that again break up, the half that break up

being the hybrids. This formula for the hybrids

is Mendel's law. In words, it may be expressed

as follows : Differentiating characters in plants

reappear in their purity and in mathematical regu-

larity in the second and succeeding hybrid off-

spring of these plants ; the mathematical law is

that each character separates in each of these gen-

erations in one-fourth of the progeny and there-

after remains true. In concise figures, it is

expressed as follows :

1D:2DB:1 B.

M
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ID and IE come true, but BR breaks up again

into dominants and recessives in the ratio of 3 to 1.

Mendel found that this law holds more or less

for the other characters that he studied in the pea,

as well as for the seed-shape. He did not con-

clude, however, that it holds good for all plants,

but left the subject for further investigation. He
himself found different results in Hieracium. It

will be seen at once that it will be a very difficult

matter to follow this law when many characters

are to be contrasted, particularly when the char-

acters are merely qualitative and grade into each

other.

The dominant characters pertain to either

parent : some of them may come from the mother

and some from the father. When this roundness

is dominant from the male parent, it falls under

the domination of what we commonly know as

xenia, or the immediate effect of pollen ; when it

is from the female parent, there is no xenia. In

the case of the pea, the seed-content is embryo

and we are not surprised if there is xenia. In

those plants in which the embryo is embedded in

endosperm, however, it would seem to be difficult

to account for xenial dominance, unless there is

double fecundation, as appears to be the case in

Indian corn, as pointed out by De Vries, Webber, 1

1 Bull. 22, Div. of Veg. Phys. and Path., U. S. Dept. Agric,

1900.
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and others. It looks as if the question of domi-

nance would introduce a new point of view into

the study of xenia. At all events, the word xenia

must be very clearly re-defined. There is now a

strong tendency to restrict the use of the word to

designate only those effects occurring in parts

lying outside the embryo.

Which characters will be dominant in any spe-

cies we cannot determine until we perform the

experiment ; that is, there is no mark or attribute

which distinguishes to us a 'priori a dominant

or a recessive character. However, the mere fact

as to whether the one or the other character is

dominant is relatively unimportant, for constant

dominance is no more a regular behavior than

recessiveness is. In various subsequent experi-

ments it has been found that even when marked

dominance is not shown in the first product, the

hybridization may follow the law in essential

numerical results. The really important points

are: (1) That the characters typically remain

pure or do not blend, and (2) that their reappear-

ance follows a numerical order.

After finding such surprising results as these,

Mendel naturally endeavored to discover the rea-

sons why. The product of his speculations is the

theory of gametic purity (to use our present-day

terminology), which is a partial theory of heredity.

Every plant is the product of the germ or female
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cell fertilized by the sperm or male cell. When
constant progeny is produced it must be because

the two cells, or gametes, are of like character.

When inconstant progeny is produced, it must be

because the sperm cell is of one character and the

germ cell of another. When these unlike gametes

come together they will unite according to the

law of mathematical probabilities, one-fourth of

those of each kind coming together and one-half

of those of both kinds coining together. If A and

B represent the contrasting parental characteris-

tics, they would combine as—
A + A = A2

A + B = AB
B + A = BA
B+ B = B2

A2 and B2 are equivalent only to A and B.

Since both of the opposed or contrasted characters

cannot be visible at the same time, we have the

following :
—

A
A*
A h

B

in which small b represents the character that for

the time being is not able to express itself, or is

recessive, and large B represents the same charac-

ter fully expressed.

In these gametes the unit characters of the

plants that bear them are pure. Even in hybrid
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plants the pollen grains and the egg cells are not

hybrids. According to this hypothesis of gametic

purity, therefore, hybrids follow natural and numer-

ical laws ; but these laws are always obscured by

new crossing. True intermediate characters do

not occur. If new characters appear, it is because

they have been recessive or latent for a genera-

tion, or because the plant has varied from other

causes ; they are not the proper results of hybridi-

zation. We may suppose that a new character

that appears because of effect of environment may
be impressed on the gamete and thereby be perpet-

uated. The results of hybridization, according to

the Mendelian view, are not fundamentally a mere

game of chance, but follow a law of regularity of

averages ; but the results are so often masked
that it is sometimes impossible to recognize the law.

It is a question, of course, whether the propor-

tional results secured by Mendel and others express

a biological principle, or whether they are onhy the

numerical proportions that may be adduced from

the averages of large numbers of combinations—
whether these combinations are of gametes, or let-

ters, or words, or figures. It is a fundamental

necessity that certain proportions follow from
" chance " combinations often repeated. But

whether the " theorem of probabilities" can express

a real biological fact may well be doubted. Per-

haps the basis of heredity is of a very different
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order from the mechanico-physical conceptions

that we habitually apply to it.

Mendel's law of heredity is recently stated as

follows by Bateson and Saunders : " The essential

part of the discovery is the evidence that the germ-

cells or gametes produced by cross-bred organisms

may in respect of given characters be of the pure

parental types and consequently incapable of

transmitting the opposite character; that when
such pure similar gametes of opposite sexes are

united together in fertilization, the individuals so

formed and their posterity are free from all taint

of the cross ; that there may be, in short, perfect

or almost perfect discontinuity between these

germs in respect of one of each pair of opposite

characters."

This, in barest epitome, is the teaching of Men-
del. This teaching strikes at the root of two or

three difficult and vital problems. It presents a

new conception of the proximate mechanism of

heredity, although it does not present a complete

hypothesis of heredity since it begins with the

gametes after they are formed and does not ac-

count for the constitution of the gametes, nor the

way in which the parental characters are impressed

upon them. This hypothesis will focus our atten-

tion along new lines, and I believe will arouse as

much discussion as Weismann's hypothesis did ;

and it is probable that it will have a wider influ-
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ence. Whether it expresses the actual means of

heredity or not it is yet much too early to say; but

this hypothesis is a greater contribution to science

than the so-called " Mendel law " as to the nu-

merical results of hybridization : the hypothesis

attempts to explain the "law." 1

One great merit of the hypothesis is the fact

that its basis is a morphological unit, or at least

an appreciable unit, not a mere imaginary concept.

This unit should be capable of direct study, at

least in some of its phases. It would seem that

the Mendelian hypothesis would give a new direc-

tion to cytological research. 2

It is yet too early to say how far Mendel's law

applies. We shall need to re-study the work that

has been done and to do new work along more

definite lines. There are relatively few results

of experiments that can be conformed to Mendel's

law, because the data are not complete enough

or not made from the proper point of view. We
should expect the fundamental results to be

masked when the plants with which we work are

themselves unstable, when cross-fertilization is

allowed to take place, or when the pairs of con-

1 This, I take it, is also the opinion of Bateson, the leading

interpreter of Mendel in English ; for he calls his new book on

the subject (1902) " Mendel's Principles of Heredity," as if the

heredity idea were greater than the hybridization idea.

2 See, for example, "A Cytological Basis for the Mendelian

Laws," Bull. Torr. Bot. Club, 29, 657 (1902), by W. A. Cannon.
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trusting characters are very numerous and very

complex. Marked numerical results have been

found by various workers in different fields, in

this country notably by Spillman in hybrid wheats.

Mendel was able to discover the numerical law

because he eliminated nearly all the confusing

contingencies. In the discussion of every bold

new hypothesis, we are in danger of becoming

partisans, taking a stand either for it or against it.

The judicial attitude is also the scientific one.

We want to know.

Two processes are now going forward in the

discussion of Mendel's law,— one the explaining

away of " exceptions," the other the endeavoring

to find the true place of the law in the scheme of

evolution. The one is primarily an effort to up-

hold the law ; the other is primarily a desire to

adjudge it. One is an effort to apply it uni-

versally ; the other to determine whether it is

universal. Already so many adjustments have

been made of the Mendelian principles that it is

becoming difficult to determine what Mendelism

is. These cases are typical of the discussions on

almost every vital question connected with evolu-

tion. At the hard places we make a supposition

and modify the hypothesis in the face of a fact.

We can prove anything by supposing.

The results of Mendel's work have two impor-

tant bearings on current evolution discussion : (1)



EVOLUTION OF PLANTS. 169

on the part that hybridization plays under natural

conditions in the evolution of the forms of life, and

(2) the part that it plays in plant-breeding. In

the former category his work gives a hint of defi-

niteness to the role of hybridization in the origi-

nation of new combination-forms. In the latter

category it is difficult as yet to measure its im-

portance, since extended applications to practice

have not been made, and since, also, the Mendelian

principles have been themselves so much the sub-

ject of debate and definition that it is difficult to

distinguish between Mendelism and the endeavor

to make the Mendelian suggestions fit our present-

day knowledge. In discussing the application of

Mendel's work to plant-breeding, I desire to keep

in mind the work that he did with peas, upon which

the " Mendel law " chiefly rests.

c. Apj>licatio)i to Plant-Breeding.

The wildest prophecies have been made in re-

spect to the application of Mendel's law to the

practice of plant-breeding, for the mathematical

formulas express only definiteness and precision.

Unfortunately, the formulas cannot express the

indefiniteness and the unprecision which even

Mendel found in his work. My own feeling is

that the greatest benefit of Mendel's work to the

plant-breeder will be in improving the methods of
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experimenting. We can no longer be satisfied

with mere "trials" in hybridizing: we must plan

the work with great care, have definite ideals,

" work to a line," and make accurate and statisti-

cal studies of the separate marks or characters of

plants. His work suggests what we are to look for.

Beyond this I do not see how the original Men-
delian results will greatly modify our plant-breed-

ing practice. The best breeders now breed to

unit characters, for this is the significance of such

expressions as " avoid breeding for antagonistic

characters," " breed for one thing at a time,"

"know what you want," "have a definite ideal,"

" keep the variety up to a standard." In certain

classes of plants the Mendelian laws will be found

to apply with great regularity, and in these we shall

be able to know beforehand about what to expect.

The number of cases in which the law or some

modification of it applies, is being extended daily,

both for animals and plants
;

2 but in practice we
shall probably find as many exceptions to the for-

mulas as confirmations of them, even though the

exceptions can be explained, after we find them, by

Mendel's principle of heredity.

1 See, for example, Bateson and Saunders's report to the Royal
Society on heredity. A recent paper by Cuenot (Archives of

Exper. and Gen. Zool., 1903) gives confirmatory results on

hybrid mice, with discussions of the nature of dominance.
This line of investigation is likely to be very popular for the

next few years.
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It has been said that we shall soon be able, as a

result of Mendel's discoveries, to predict varieties

in plant-breeding. Before considering this ques-

tion, we must recall the fact that a cultural variety

is a succession of plants that has characters suffi-

ciently marked and uniform to make it worth

cultivating in place of some older variety. Now
and then it may be worth while to introduce some

new energy or new trend into a general lot of

offspring by making wholesale crosses, not ex-

pecting ever to segregate any particular variety

or strain from the progeny ; but these cases are

rare, and the gain is indefinite and temporary.

So far as our knowledge at present goes, I see no

warrant for the hope that we can predict varieties

with any degree of exactness, at least not beyond

a very narrow effort. Following are some of the

reasons that seem to me to argue against the

probability of useful prophecy of varieties so far

as the Mendelian results are concerned : (1) We
do not know what plants will Mendelize until

we try. (2) Even in plants that do Mendelize,

only half of the offspring have stable characters.

But we cannot predict for even this half, for it is

impossible to determine beforehand which seeds

showing dominant characters (and these are three-

fourths of the offspring) will " come true." Domi-

nance, as we have seen, is of two kinds in respect

to its behavior in the next generation,— constant
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and hybrid ; and the hybrid dominance, which is

twice as frequent as the other, breaks up into con-

stant dominance, hybrid dominance, and recessive-

ness. (3) Mendel's law deals primarily with mere

characters, not with a variety or with a plant as a

whole. Every plant is a composite of a multitude

of characters, and from the plant-breeder's point of

view there ma}' be as many undesirable characters

as desirable ones. No plant is perfect ; if it were,

there would be no need of plant-breeding. The

breeder wants to preserve the desirable characters

or traits and eliminate the undesirable ones ; but

under the strict interpretation of Mendelism this

may be difficult and perhaps impossible. The one

germ gamete and the one sperm gamete that unite

to make the new plant, each contain all the alter-

native parental characters ; these various char-

acters reappear in the offspring, and all that the

breeder gains is a new combination or arrangement

of characters, and the undesirable attributes may

be as troublesome as before. (4) The breeder

usually wants wholly new characters as well as re-

combinations of old ones, or he wants augmented

characters, and these lie outside the true Mende-

lian categories. For example, a carnation grower

wants a four-inch flower, but he has only three-inch

flowers to work with, and augmentation of charac-

ters is no part of the original Mendelian law. Per-

haps these augmented and new characters are to
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be got by means of ordinary variation and selec-

tion, or other extra-crossing means ; but we know,

as a matter of fact, that augmented characters do

sometimes appear in hybrids. (5) New and un-

predictable characters are likely to arise from the

influence of environment or other causes, and very

likely these may be recorded in the gametes and

vitiate the final results. (6) Variability itself

may be a unit character and therefore pass over.

There is probably such a thing as a " tendency to

vary," wholly aside from the fact of variation.

(7) Many of the plants with which we need most

to work in plant-breeding are themselves eminently

variable and the results, even if there is true Men-

delism, may be so uncertain as to be wholly unpre-

dictable. (8) Many plants with which we must

work will not close-fertilize. Some of them are

monoecious or dioecious. Even if there is gametic

purity in such plants, the probability is that the

fact can be discovered only by a long line of scien-

tific experimenting for that particular purpose and

not by the work of the man who desires only to

breed new plants. (9) A cultural variety, in any

true acceptation of the term, is a series of closely

related plants having a pedigree. It runs back

to one individual plant, from which propagation

has been made by seeds or asexual parts. Now,

one can never predict just what combination of

characters any plant will have, even though it be
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strictly Mendelian. A person might have a thou-

sand hybrids of which no one plant shows any two

characters in the proportion of 3 to 1 (both seed-

characters may appear in the same pod or in dif-

ferent pods on the same plant), let alone all the

characters as 3 to 1 or in other delinite relation

;

and yet the total average numerical results might

conform exactly to the Mendelian law. Mendel's

law is a law of averages. The very fact that one

must employ such large numbers to secure the

numerical results shows that we cannot predict as

to individuals. For example, in ten plants of pea,

Mendel found the following ratios in respect to

seed-shape and seed-color: —
Shape. Color. Shape. Color.

3.75
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numerous, all possible combinations are likely to

occur ; but these occurrences are essentially for-

tuitous. Chemical compounds are specific entities

in which the parts combine by necessity with defi-

niteness. The comparison, as it appeals to me, is

fallacious and the conclusion unsound.

We must remember that there are whole classes

of cases of plant-breeding that do not fall under

hybridization at all. Granting the De Vriesian

view that selection is incompetent to produce

species from individual fluctuations, it is never-

theless well established (and admitted by De Vries)

that very many of our most useful cultural varie-

ties have been brought to their present state of

perfection by means of selection ; and by selection

they are maintained in their usefulness. Selection

will always be a most important agency in the

hands of the gardener and the plant-breeder—
none the less so now that we have challenged its

role in the evolution of the plant kingdom. For

the time being, the new discussions of hybridiza-

tion are likely to overshadow all other agencies in

plant-breeding ; but selection under cultivation is

as important now as it was in the days of Van
Mons and Darwin.

d. Interpretation of Hybridism.

It is probable that the clearest insight into

this whole new question of hybridization is to be
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got by following the work of De Vries. The
concluding parts of the second volume of his

" Mutationstheorie," a volume devoted wholly to

hybridization, is on the press at this moment.

The Mendelian laws are fully discussed in this

volume, but the summary conclusions may be pre-

sented here. De Vries had been working at

hybridization long before he discovered Mendel,

and had arrived at practically the same results

;

he had also arrived at other results that are not

Mendelian. De Vries denominated the law of

numerical segregation as the " law of separation

of characters in crosses." Like Mendel, he had

found that merely to cross "varieties" or "species"

is of no avail in the study of fundamental prob-

lems ; for the varieties and species that we know
are mere systematic groups with characters of

all kinds and degrees. We must cross characters

or units, not species.

Every unit-character De Vries conceives to be

represented in the germ by a pangene. This pan-

gene may be active, in which case the character

appears in the plant ; or it may be dormant, in

which case the character is not visible, or for the

time being is lost. Active pangenes may at any

time become latent, or latent ones may become

active.

Mendel's law results from an interchange of

contrasting characters. True physiological or
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elementary species differ from each other by new

unit-characters. They have arisen by progressive

mutation. The characters are not contrasting or

differentiating. One species has one kind of pan-

gene, another species another kind of pangene.

On combining these there can be no interchange

of characters, and, therefore, no Mendelism. There

is nothing for one character to exchange against

the other. In the case of true progressive muta-

tions, therefore, upon which the progress of the

plant race depends, there can be no Mendelizing.

Hybrids in these cases are intermediates, or else

follow only one or the other of the parents.

Now, varieties differ from true mutative species

in the fact that they have contrasting characters.

These characters are represented by their special

kinds of pangenes. The pangene may be active

or passive. That is, the variety may be a variety

because one or more of its characters has become

latent (retrogressive), or because characters have

become active (degressive). When these charac-

ters are crossed, there is an interchange of the

pairs. Both parents bear the same unit-character,

but this character is active in the one and dormant

in the other. The hybrid receives an active pan-

gene from one parent and a similar but inactive

pangene from the other. When these two units

unite, the calculus of chance determines that there

shall reappear in the second generation equal num-
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bers of both the parental units, and a half of the

whole that are still hybrids and break up in the

same ratio in the third generation. That is, true

Mendelism is confined to crossings of retrogressive

and degressive varietal characters.

There are, therefore, two general classes of hy-

brid formation: the isogons, giving rise to crosses

in which two antagonistic parental characters

reappear in numerical order (Mendelian cases);

anisogons, giving rise to crosses in which two

antagonistic characters sometimes separate un-

equally, but ordinarily do not separate at all.

When only one parent is represented in the off-

spring, we have the "unisexual crosses" of Macfar-

lane or the " false crosses " of Millardet. These

are cases in which there are no true contrasting

characters. Spillman has recently explained the

false hybrids by supposing that the plants in this

case are self-fertile and sterile with other pollen.

That is, A is fertile with A, B with B, but A is

not fertile witli B nor B with A ; there results,

therefore, no true crossing. This hypothesis

should be capable of experimental proof or dis-

proof.

The isogon hybrids are of all degrees of com-

plexity, and classification of them will at once

show how far we have already got away from the

old systematic idea of variety-hybrids and species-

hybrids. Hybrids between plants that differ only
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in one unit-character are monohybrids. These are

the ones in which the numerical results are most

clearly traced, but they are also exceedingly rare.

Those in which two unit-characters are concerned

are dihybrids. In these the combination series

gives four different kinds of offspring. So there

are trihybrids, giving eight possible combinations,

tetrahybrids, and so on to polyhybrids ; and in

every succeeding grade the difficulties of statistical

and comparative studies increase. Of how many
characters is a plant composed ?

e. Conclusion.

Now, in conclusion, what are the great things

that we have learned from these newer studies ?

(1) In the first place, we have been brought to a

full stop in respect to our ways of thinking on

these evolution subjects. (2) We are compelled

to give up forever the taxonomic idea of species

as a basis for studying the process of evolution.

(3) The experimental method has finally been

completely launched and set under way. Labora-

tory methods, comparative morphology, embryo-

logical recapitulation, life-history studies, ecological

investigations— all these means are likely to be

overshadowed for a time by experiments in actu-

ally growing the things under conditions of control.

(4) We must study great numbers of individuals
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and employ statistical methods of comparison.

(5) The doctrine of discontinuous evolution is

now clearly before us. (6) We are beginning to

find a pathway through the bewildering maze of

hybridization.

Mendelism in Wheat.

In order that I may present a specific example

of evident Mendelian results, I have asked W.
J. Spillman, agriculturist of the Department of

Agriculture, to explain some of his experiments

with wheat. 1 Mr. Spillman independently dis-

covered numerical results, before the knowledge

of the Mendelian experiments had become gen-

erally known.
" The photograph (p. 183) shows three genera-

tions of one of my hybrid wheats. Of the three

heads in the upper row, the left-hand one is the

male parent (variety Valley); the right-hand one

is the female parent (variety Little Club) ; and the

middle one is the hybrid. The second row shows

the second generation, and the third row the third

generation.* Of the six types in the second gener-

ation, the following points are important : Each

type was present in a certain proportion, which

was approximately the same as in thirteen other

similar cases, and the average of these fourteen

cases closely approximated the theoretical numbers

1 For illustration in maize, see p. 227.
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called for by Mendel's hypothesis of the disjunc-

tion of parental characters. The three at the left,

being bearded, possess a character which was latent

in the first generation. The fact that the beards

show in these three indicates that the opposite char-

acter is absent, and they should therefore remain

bearded in succeeding generations. That is, they

are no longer hybrid with reference to this charac-

ter. It will be observed that this was actually the

case, for no beardless heads appeared in the progeny

of either of these three (see lower row, first five

heads). The following diagram will show the char-

acter of each of the six types in row two. In this

diagram the letters have the following meanings:—
B — bearded (written b when latent).

S = smooth (not bearded).

L — long heads.

C = club heads (short)

.

J = intermediate in length of head. (The hybrid was interme-

diate in this respect.)

Parents.

BL

SG

First Generation.



Three Generations of Hybrid "Wheat.

A 1 = male parent, A 2 = the hybrid, A 3 = female parent. B 1-6 = the progeny

of A 2. C 1 = progeny of B 1 . C 2-4 = progeny of B 2. C 5 = progeny of B 3. C 6

and 7 = progeny of B 4. C 8-13 = progeny of B 5. C 14 and 15 = progeny of B 6.

The results in the fourth generation, available too late to include in the photograph,

indicate that B 2 and B 3, while not always separable on external appearances, are

absolutely different, the one being hybrid, the other pure.
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"This diagram shows the nine types called for

by Mendel's theory. Of these, BL, BC, SL, and

SC are no longer hybrids — at least they have no

latent characters, and will therefore reproduce true

to seed. Of the remaining five types, BI und SI
are hybrid only with reference to length of head,

and SbL and SbC only with reference to beards;

while Sbl is hybrid with reference to both char-

acters, as in the preceding generation.

" It will readily be seen that the types BL and

BC can be separated from the other seven by ex-

ternal appearances, and obtained in a pure state.

BL is the type shown at the left in the second

row in the picture, and all its progeny was like it,

showing that it conformed to theory. BC is the

type shown at No. 3 in the second row of heads

;

being pure, it should reproduce itself true to type,

which it did, with an easily explained exception to

be noted below. The type BI (shown at No. 2,

row 2) being hybrid with reference to length of

head, should produce again all the types based on

this character, and it did this as is seen in heads

2-4, row 3. Referring again to the above diagram,

it will be seen that the types SL and SbL cannot

be distinguished by external characters. SL will

of course reproduce true to type, while SbL will

produce SL, SbL, and BL. Now SL and SbL
being mixed together in the selection made in the

second generation, we should find a large percent-
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age of SL mixed with some SbL from which it

cannot be distinguished, and a small percentage of

BL in the third generation. Heads 6 and 7, row 3,

show that the types called for actually occurred.

Types SI 2l\\(\. Sbl of the diagram appear alike ex-

ternally, and were therefore selected together in the

second generation (see head 5, row 2). Now SI
should produce the types SL, SI, and SO, while Sbl
should produce all nine types again (these nine

types can be separated only into six by external

appearance). It is therefore seen that the group

represented by head 5, row 2, should produce all

six types again. Heads 8-13, row 3, show these

types. Types SbO said SOoi the diagram are alike

externally, and were hence selected together last

year. Of these SO should produce only SO, while

SbO should produce SO, SbO, and BO. But

since SO and SbO look alike, the progeny of

these two types should show only SO and BO.
The last two heads in row 3 show that this

actually occurred.

"In the single set of heads shown, there were

two easily explained exceptions to theory. It will

be seen that heads 2 and 3, row 2, differ only in

length ; now the group represented by head 2

varied in length from that of 1 to that of 3. In

separating 2 and 3, it might easily happen that

some of 3 should be placed with two. In this case

the progeny of 3 would show a few heads like 1,



186 RECENT OPINIONS.

and this was the case. I have shown in the photo-

graph only the heads called for by theory, for it

would only lead to confusion to include the excep-

tions which would probably not have occurred if 2

and 3 of row 2 had been accurately separated last

year. Again, in the progeny of the group repre-

sented by head 5, row 2, only five of the six types

shown (row 3, heads 8-13) were found in this par-

ticular case, though all six were found in most of

the others. As the missing type should constitute

only 41 per cent of the group, and as it differed

from one of the others only slightly, it is possible

that it was included with the related type when
the selections were made.

" I have not yet seen the data for the third gen-

eration of all these wheats, but those which are

at hand are decidedly interesting. 1 The following

are the data for the third generation of the cross

between Jones Winter Fife (male) and Little

Club (female). The Fife is long-headed, and has

velvet chaff ( V) ; the Club short-headed, and has

glabrous chaff ( (7) . Velvet proved to be dominant

over glabrous, and the hybrids were intermediate in

length. Type I. of the second generation included

the two types VL and VgL, since these could not

be distinguished by external appearances. Seed

of Type I. produced in the third generation :
—

1 Data for the fourth generation, now at hand, agree well

with the theory.



EVOLUTION OF PLANTS. 187

Plot. Percentage of Types.

I. = VL. II. = GL.

1 87 13

2 81 19

Theory 83$ 16|

The figures for the remaining five second-genera

tion types are as follows :
—



188 RECENT OPINIONS.

" The only departures from theory of any conse-

quence in these data are the occurrence of small

amounts of Types I. and II. in the progeny of V.,

and of II. in the progeny of VI. Now, Type V. of

the second generation (VO and VgC) differed from

Type III. (VI) only in being slightly shorter.

If a feAV individuals of III. had been included in

V. in separating the types of the second generation,

we should have the actual result obtained in the

third generation. Likewise, Type VI. of the sec-

ond generation (GrO) differed from II. (GrI) in

the same manner. Evidently a few plants of II.

got into the Type VI. last year, and thus gave the

results shown.

" These hybrids are now under the care of Pro-

fessor E. E. Elliott, of Pullman, Washington ; and

from a recent letter I infer that spring character

in wheats is dominant over the winter character, as

a large majority of the fourth generation have the

spring character (all the club wheats used were

spring wheats).

" The original purpose of this work was to pro-

duce a winter-club wheat, a type much needed in

eastern Washington. It is probable that the effort

was successful, but the invariable interruptions to

work that follow a change of personnel in the

workers has delayed the final results.

" It now seems probable that Mendel's theory

is true, at least in these wheats. If this theory
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should prove generally true, the following most

important fact follows : If the individuals of the

second generation are numerous enough, there is

present in this generation every possible combina-

tion of the parent characters, and, most important

of all, every one of these combinations is present

in some individuals in a fixed form that will re-

produce true to seed. The fixed forms can easily

be separated from the others by treating each

plant of the second generation as an individual, and

noting which of them reproduce true to seed.

" It should further be noted that the forms not

already fixed in the second year will, in later gen-

erations, gradually break up into the same fixed

forms as those occurring in the second generation.

It is therefore possible to secure in the third gen-

eration all the pure fixed forms that can be secured

from a hybrid. (Close fertilization is assumed in

all cases.)"

II. On Hybridization.

By Hugo De Vries.

(Written expressly for the third edition of " Plant-Breeding.")

Hybrids are ordinarily said to be intermediate

between their parents. But by a closer inspection

this relation appears to be of a complex nature

;

for the intermediate state may be such in regard
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to the single characters, or may be the result of

the mixing of pure or nearly pure paternal and

maternal characters in the same individual. Gen-

erally it is said that specific characters are handed

over in a more or less reduced degree, but that

racial peculiarities take either to the father or to

the mother.

The difference between specific and racial marks

is of course as much a question of personal appre-

ciation as is the limit between species and races or

varieties itself. But it is clear that the behavior

of hybrids, both natural and artificial, does not

depend upon our appreciation of the facts, but on

the facts themselves. We have therefore to search

for a character which is independent of the syste-

matic value given to the groups in question.

Such a criterion is yielded by the theory of the

origin of species by mutations. Of course the

theory only indicates the principle, and much
work will have to be done before it will be pos-

sible to apply it in all individual cases. But a

clear conception of the ruling idea will point to

the direction in which the experiments will have

to be made, and it will assist the hybridist in a

more thorough comparison of the hybrids and
their parents. Moreover, a consideration of the

characters of the parents from the new point of

view will enable him, in the majority of cases, to

foretell, with a greater or lesser degree of preci
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sion, the characters which may be expected to

make their appearance in a new hybrid.

The theory of mutation assumes that the quali-

ties of a plant are not the expressions of a single,

so-called " specific character," but depend on dif-

ferent units. These units are more or less inde-

pendent of one another, and may be combined in

different ways. Two or more allied species might

consist of absolutely the same characters, but in

different combinations.

According to this view the progress in living

nature has been by steps. Each step contributes

a new character to those already existing, adding

one unit more to the stock. It is evident that of

all the species of a genus, the nearest ally of any

given one is that from which it has taken its

origin. This origin is assumed to have taken

place by shocks or leaps ; or if the idea of a leap

should confer the notion of too great a difference,

one might use the expression, "by steps." In

horticulture such steps are often called sports ; but

the meaning of this word comprises so many notions,

and is so often limited to bud-sports, which mostly

are of another nature, that I prefer to avoid it.

Each leap or step signifies the acquisition of

a single new character ; and elementary species

must therefore differ from their nearest allies

only in the possession of a single one. As a mat-

ter of fact, the difference between the species of
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one genus are often not only greater, but even

very much greater. But this is accounted for by

the extinction of a greater or lesser number of

forms, which no doubt is and has been of very

general occurrence and must of course break up

the continuity in the series of the remaining types.

In such groups as Draba vema, Helianthemum vul-

gare, Viola tricolor, the hieraciums, roses, bram-

bles, and many other so-called younger genera and

species, the single forms are so nearly allied that

it is very difficult or perhaps even impossible to

distinguish them from one another. These are

the types of the original arrangement which is to

be assumed for all groups consisting at present

of more widely different forms, and, as is com-

monly said, now showing "gaps."

Such small steps are called mutations, and more

particularly progressive mutations, because they

contribute to the evolution of the group. Once

obtained, a new character may remain constant

for centuries, and the new species will show no

progress till a further mutation takes place and

changes it again into a new specific form. The

whole evolution goes on by such steps, the peri-

ods between the successive bounds showing no

signs of progress, but leaving the species un-

changed. In this way it is clear that constancy

of species and mutual descendance are in perfect

harmony with one another.
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Besides the progressive mutations, there are

other changes which are of minor value for the

evolution in general, but of more general interest

to horticulture. First of all, a character, once

obtained, may be visible in the plant or it may
become invisible, inactive, or as it is ordinarily

called, dormant or latent. For instance, the blue

and red colors of many flowers may disappear and

thereby give rise to the white-flowered varieties.

The visible quality is lost in such cases, but the

corresponding internal one is not really lost, but

has only become inactive or sleeping. That this

is the case is seen in the frequent reversions in

general, and particularly in the numerous instances

of reversion by bud-variation as shown by varie-

gated trees and shrubs, and by quite a host of

garden varieties of evergreens (e.g. Cephalotaxus

pedunculata var. fastigiata, Cryptomeria Japonica

var. spiraliter falcata, etc.).

If now we compare a species with its mother-

species, and a variety with its species, we readily

see the difference. In both cases the difference in

the description is caused by but a single character.

But in the first case the internal character of the

germ is present in the one and wanting in the

other, whilst in the second case it is present in

both and only different as to the degree of its

activity, being active in the one and latent in the

other.
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From this comparison we at once see that the

behavior of two plants, when sexually united with

one another, must differ principally in the two

instances above mentioned. All other characters

are assumed to be the same in both parents, and

their union must follow the common rule of fer-

tilization. But we must expect to get a different

hybrid if the diagnostic character present in the

elder one of the two forms is wanting in the

younger one or is present but inactive. The

active and the latent character may be simply in-

terchanged, but in the case of a progressive mu-

tation an exchange of characters is of course

impossible.

Activity and latency are not the sole degrees of

development of a character. Nor is the difference

between two forms, used for a crossing, ordinarily

limited to a single point. But for the sake of

clearness it seems better first to discuss these more

simple cases and to put off the more complicated

ones till after having elucidated the former.

The becoming dormant of a character is one of

the most ordinary types of the production of varie-

ties. It is to be regarded as a mutation, since it

is known in horticulture to come about by leaps

and bounds. In the outer features it sets back

the evolution as much as it had been brought for-

ward by the progressive mutation by which the

character in question was first obtained. For
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this reason the seeming loss may be called a retro-

gressive mutation.

Limiting ourselves provisionally to these two

types of differences between the two plants chosen

for a crossing experiment, we will, for brevity's

sake, call " species " two forms of which the one

has been derived from the other by a progressive

mutation, and " variety," the form derived from

another in the way of retrogressive mutation. In

this way we come to a very simple statement of

the internal phenomena of crosses in general.

For, in the first case, one parent has a character

which is lacking in the other, and no exchange is

possible. In the second case, both parents bear

the same character, active in one, dormant in the

other, and here they may therefore simply be ex-

changed.

This exchange is governed by the laws of proba-

bility and depends, as far as we know, on no other

principle or general laws. The application of the

laws of probability to this process was first dis-

covered by Mendel, and the laws of exchange of

characters in hybrids are now generally known as

the laws of Mendel. They are limited to the

crossing of varieties.

If no exchange is possible because the differ-

ential character is wholly wanting in the other

parent, we may call the union "unisexual," as was

first proposed by Macfarlane. The extant features
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are then handed clown to the hybrid offspring, but

in a reduced state. Ordinarily they are reduced

to one-half, as Macfarlane has pointed out ; but this

is only a mean, around which the single cases seem

to be grouped in the ordinary manner, most of

them more or less strictly observing the rule,

others differing in varying degrees. In extreme

cases such variation can go so far as to repeat the

character in question in the hybrid, or, on the other

hand, to cause it to be wholly wanting. Hybrids

from such unisexual crosses are ordinarily constant

in their progeny, repeating in each successive gener-

ation the characters of the first one. Such races do

not obviously differ from true species, and Kerner

has shown that in many cases wild species may
owe their origin to such a cross. But instances

are as yet rare, because, ordinarily, the two plants

chosen for a cross differ in more than one point,

and even mostly differ partly in specific characters,

and partly in such as have been obtained by retro-

gressive mutations.

Hybrids of varieties follow Mendel's laws, as

we have said. Two essential points are here to

be distinguished, viz., the character invisible in

the hybrid itself, and the behavior of the two

opposite qualities in their progeny. We will first

consider the hybrids themselves.

According to the limits chosen above for our

present discussion, the hybrid inherits from one
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parent a character in an active condition, and from

the other the same character in a dormant state.

From this method of viewing their constitution,

it is evidently to be expected that the differential

character will be active in the hybrid too, perhaps

aided but perhaps also more or less hindered in its

expression by the dormant counterpart. The evi-

dence afforded by the experiments of Mendel,

Correns, Tschermak, Webber, and myself shows

that the differential character is really active in

the hybrids, and that the weakening by its dormant

opponent is ordinarily very slight, often wholly

wanting, and only occasionally reducing it to nearly

one-half. (Hyoscyamus pallidus x niger.*) This

rule is commonly expressed by saying that the

phylogenetically older character, i.e. that of the

species, is dominant or prevailing over the antago-

nistic character of the younger parent or the va-

riety. It is the first of Mendel's laws, but here

expressed in terms, not of Mendel, but proper to

the mutation theory.

The second of Mendel's laws governs the split-

ting up of the character in the offspring of the

hybrids. Mendel assumes that at the time of the

production of the sexual cells the two antagonistic

qualities, combined in the hybrid, separate and

leave each other, the dominant coming into one-

half of the male and female elements, and the

opposite or recessive coming into the other half.
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If now, in the act of fertilization, the male and

female cells are combined simply according to the

laws of probability, each cell has an equal chance

to unite with a cell bearing the same or with a

cell bearing the opposite character. This leads

to four combinations of equal frequency, a male

dominant combining with a dominant or a reces-

sive female, and a male recessive uniting in the

same way with a dominant or a recessive female.

Or, having no regard to the sex, we have dominant

x dominant, recessive x recessive, and two cases

of dominant x recessive.

The offspring of hybrids consists, therefore, of

three different groups of individuals. One of them

bears only the active character, one of them only

the latent, and the other group, containing the

double number of specimens of each of the two

first, consists of new hybrids. The first group will

have the character of one grandparent, the second

that of the other, the third that of the parents or

hybrids of the first generation. The two first

divisions will be constant like the original parent-

species ; the last one must split up in the same

way as the original hybrids themselves. No new

form is obtained by such a crossing, as no new com-

bination of qualities was possible. The hybrids

obtained are called monohybrids, because the

parents differ only in a single point. They are

evidently of no practical interest, but it is equally
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evident that they give us the key to the explana-

tion of the phenomena exhibited in the more com-

plex cases ; for, as a rule, these obey the same laws

as the monohjrbrids with respect to the different

distinguishing characters, whilst these are them-

selves combined according to the ordinary laws of

probability.

If we sexually combine two forms, which differ

in two points, the hybrids are called dihybrids ; if

the difference extends to three or more characters,

they bear the names of tripolyhybrids. The most

important result of the study of such cases is, that

the different characters of the parents may be

united by crossing and give rise to hybrids, of

which some are constant in their progeny and
others not. The last ones split up according to

the same rules as do the monohybrids, and are only

of theoretical interest or at best are the means of

obtaining the constant races in an easier, though

slower, way than by getting them directly. On the

other hand, the constant races are of the highest

value, as well in horticultural as in agricultural

practice. As many combinations as are to be ex-

pected really appear as constant races. If the

crossed varieties differ in two characters, two
new combinations are possible and obtained. For
instance, by crossing the blue and thorny thorn-

apple with the white-flowered thornless variety,

one obtains blue thornless and white thorny forms,
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each of which gives a constant race. In the case

of three differential characters, eight combinations

are possible, two of them are equal to the parents,

and so we will expect six new races, as, for instance,

in the cases of wheat and oats studied by Rimpau
(cf. " Mutationstheorie," II., p. 192). The prac-

tical horticulturists and agriculturists will have

to choose from these new races the best ones for

further cultivation, but the numerical laws of

Mendel will enable them to calculate beforehand

what they have to expect and in which way they

have to direct their selections.

The laws of Mendel are not only valid for the

cases of retrogressive variations, they also may be

applied to all other cases, in which the differential

character is internally present in both parents

of a cross, but in different conditions. The prin-

cipal conditions are the active and the dormant

ones, constituting, as we have seen, the species

and the constant variety. But there are other

conditions of which we have here to name only

the semi-active one. This is the internal charac-

ter of those extremely variable forms which are so

highly esteemed in horticulture, as double flowers,

variegated leaves, and so on. Crossed with the true

species, they comply with Mendel's laws, and the

results of the crossings, therefore, may be calculated

beforehand. But their high degree of variability is

inherited by the hybrids and makes it often very
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difficult as well to prove this compliance as to make
use of it in practice.

Coming now to even more complicated cases, we
have to treat of those in which some characters

differ progressively or unisexually and others in

the retrogressive or in the digressive way. Or,

in other terms, we have to inquire into the cross-

ings in which the parents differ at once in specific

and in varietal or racial marks. It will be readily

seen that this case, though very complicated from

an analytical point of view, is in practice the ordi-

nary one. Pure unisexual or pure Mendel crosses

are very rare, and seldom of great importance.

Nearly all interesting horticultural crossings bear

the mixed character we now have to speak of.

The mutation-theory of course assumes the recip-

rocal independence of the single characters for

this case also. The unisexual differences must

follow the laws studied by Macfarlane, the antago-

nistic qualities those pointed out by Mendel. In

regard to the first, the hybrids will therefore be

in some degree intermediate between the parents,

and constant in their progeny. In regard to the

last, they will bear the dominant characters, and

split up in their children, giving as many new
constant strains as new combinations of these

characters are possible.

It is evident that the applications of the laws

above mentioned mav in this manner lead to the
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calculating beforehand of the results of all pro-

jected crosses. But the researches are as yet only

in their prime, and the true distinction of the

units of the characters, which has to be the base

of all such calculations, demands much previous

experimental work.

The discussions given above concern only spe-

cies and varieties in the ordinary immutable

state. When mutable, the conditions of the in-

ternal characters are of course totally different,

and neither the laws of the unisexual crossings

nor those of Mendel are applicable. (See De
Vries's paper "On Crosses with Dissimilar

Heredity.")

III. The Forward Movement in Plant-

Breeding. 1

The first specific interest in cultivated plants

was in the gross kinds or species. As the con-

tact with plants became more intimate, various in-

definite form-groups were recognized within the

limits of the species. Gradually, with the intensi-

fying of domestication and cultivation, very par-

ticular groups appeared and were recognized.

These smaller groups came finally to be designated

1 Read April 2, 1903, before the American Philosophical

Society, and reprinted, with minor alterations, from proceed-

ings of the society, Vol. XLII. No. 172.
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by names, and the idea of the definite and homo-

geneous cultural variety came into existence.

The variety-conception is really a late one in the

development of the human race. It is practically

only within the past two centuries that cultivated

varieties of plants have been recognized as be-

ing worthy of receiving designative names. It is

within this period, also, that most of the great

breeds of animals have been defined and separately

named.

All this measures the increasing intimacy of

our contact with domesticated plants and animals.

It is a record of our progress. The peoples that

are most advanced in the cultivation of any plant

are the ones that have the most named varieties

of that plant. In Japan, to this day, the plums

are said to pass under ill-defined class names. We
have introduced these classes, have sorted out the

particular forms that promise to be of value to us,

and have given them specific American names.

Not long ago a native professor in Japan wrote

me asking for cions of these plums, in order that

he might introduce Japanese plums into Japan.

The Russian apples are designated to some extent

by class-names ; in fact, it was not until the ap-

pearance of Regel's work, about a generation ago,

that Russian pomology may be said to have been

born. What constitutes a variety is increasingly

more difficult to define, because we are constantly
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differentiating on smaller points. The growth of

the variety-conception is really the growth of the

power of analysis.

The earlier recognized varieties seem to have

come into existence unchallenged. There is very

little record of inquiry as to how or why or even

where they originated. That is, the quest of the

origin arose long after the recognition of the va-

riety as a variety. Even after inquisitive search

into origins had begun there was little effort to

produce these varieties. The describing of va-

rieties and the search into their histories was a

special work of the nineteenth century. One has

only to consult such American works as Downing's

"Fruits and Fruit Trees of America," and Burr's

" Field and Garden Vegetables of America," to see

how carefully and methodically the descriptions

and synonymy of the varieties were worked out.

These are types of excellent pieces of editorial and

formal systematic work.

There have been isolated efforts at producing

varieties for many years. These efforts began be-

fore the time of the general discussion of organic

evolution. In fact, it was on such experiments

that Darwin drew heavily in some of his most im-

portant writing. Roughly speaking, however, the

conception that the kinds of plants can be definitely

modified and varied by man is a product of the last

half century. We now believe that there is such
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a possibility as plant-breeding. It is really a more

modern conception, so far as its general acceptance

is concerned, than animal-breeding. But both

animal-breeding and plant-breeding are the results

of a new attitude toward the forms of life— a con-

viction that the very structure, habits, and attri-

butes are amenable to change and control by man.

This is really one of the great new attitudes of the

modern world.

Formerly, and even up to the present time, the

variety has been taken as the unit for plant-breed-

ing work, as it has been for descriptive and classi-

ficatory work. Whether we believed it or not, Ave

have accepted it as a fairly definite thing or entity.

Yet, what is a variety? Only the ideal of one man
or a set of men. Custom may define its boundaries,

but in fact it has no boundaries. At best, a variety

is only an assemblage of forms that agree rather

more than they differ ; and any one of these forms

may, with equal propriety, be called another va-

riety. Shall we continue to consider the variety

as a unit or basis from which we are to breed for

the purpose of producing other varieties? Or shall

we still further refine our ideals, and find that the

variety-conception is really only a mark of an im-

perfect and superficial expression of an immature

age?

Now, plant-breeding is worthy of the name only

as it sets definite ideals and is able to attain them.
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Merely to produce new things is of no merit : that

was done long before man was evolved. A child

can "produce" a new variety, but it may learn

nothing and contribute nothing in producing it.

I have myself produced fifteen hundred new kinds

of pumpkins and squashes, but I had no idea

what I was to produce, the world is no better

for my having produced them, and I am no wiser

(except in experience) than I was before. In

many " new " things that are produced there may
be dispute as to whether they are new, and as to

whether they are distinct enough to be named and

therefore to be ranked as varieties at all. This is

not science, nor even breeding : it is playing and

guessing. What does the world care whether

John Jones produces "Jones's Giant Beardless

Wheat " ? But it does care if he produces a wheat

having a half of one per cent more protein. We
must give up the production of mere "varieties" ;

we must breed for certain definite attributes that

will make the new generations of plants more

efficient for certain purposes : this is the new out-

look in plant-breeding.

Happily, we are not without abundant accom-

plishment in this new field. The last ten years

has seen a remarkable specialization in the pro-

ducing of plants that are adapted to particular

needs. The days of merely crossing and sowing

the seeds to see what will turn up are already past



THE FORWARD MOVEMENT. 207

with those who are engaged seriously in the work.

The old method was hit-and-miss, and the result

was to take what good luck put in our way : the

new method proceeds definitely and directly, and

the result is the necessary outcome of the line of

effort. The crux of the new ideal is efficiency

in one particular attribute in the product of the

breeding. These attributes are measurable ; the

kind of results are foreseen in the plan, or are

predictable.

All these remarks are typically illustrated in

many investigations now making in the experi-

ment stations. As an example, I will describe the

experiments with corn-breeding now conducting

in Illinois. It is significant to note what are the

reasons for breeding new corns, as stated by Pro-

fessor Hopkins in Bulletin 82 of the Illinois Ex-

periment Station.

" In its own publication a large commercial

concern, which uses enormous quantities of corn,

makes the following statements :
—

"
' A bushel of ordinary corn, weighing fifty-six

pounds, contains about four and one-half pounds

of germ, thirty-six pounds of dry starch, seven

pounds of gluten, and five pounds of bran or hull,

the balance in weight being made up of water,

soluble matter, etc. The value of the germ lies in

the fact that it contains over forty per cent of corn

oil, worth, say, five cents per pound, while the
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starch is worth one and one-half cents, the gluten

one cent, and the hull about one-half cent per

pound.
" c It can readily be seen that a variety of corn

containing, say, one pound more oil per bushel

would be in large demand.
" 4 Farmers throughout the country do well to

communicate with their respective agricultural

experiment stations and secure their cooperation

along these lines.'

" These are statements and suggestions which

should, and do, attract the attention of experiment

station men. They are made by the Glucose

Sugar Refining Company of Chicago, a company
which purchases and uses, in its six factories,

about fifty million bushels of corn annually. Ac-

cording to these statements, if the oil of corn

could be increased one pound per bushel, the

actual value of the corn for glucose factories

would be increased five cents per bushel ; and the

president of the Glucose Sugar Refining Company
has personally assured the writer that his company

would be glad to pay a higher price for high oil

corn whenever it can be furnished in large quanti-

ties. The increase of five cents per bushel on

fifty million bushels would add $2,500,000 to the

value of the corn purchased by this one company

each year. The glucose factories are now extract-

ing the oil from all the corn they use and are
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unable to supply the market demand for corn oil.

On the other hand, to these manufacturers protein

is a cheap by-product, and consequently they want
less protein in corn.

" Corn with a lower oil content is desired as

a feed for bacon hogs, especially for our export

trade, very extensive and thorough investigations

conducted in Germany and Canada having proved

conclusively that ordinary corn contains too much
oil for the production of the hard, firm bacon

which is demanded in the markets of Great Britain

and Continental Europe."

It is very interesting to note that this does not

mention the improvement of Learning's White, or

Jones's Yellow Dent, or any other named variety

of corn, nor does it propose that any new variety

shall be created. It suggests what may be done

with any variety of corn. The experiments in

Illinois demonstrate that " the yield of corn can

be increased, and the chemical composition of the

kernel can be changed as may be desired, either

to increase or decrease the protein, the oil, or the

starch."

The breeding of the corn, in the Illinois experi-

ments, proceeds along two general lines,— for

physical perfection and for chemical perfection.

Selection for physical merit proceeds as follows, to

quote again from Professor Hopkins :
" The most

perfect ears obtainable of the variety of corn
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which it is desired to breed should be selected.

These ears should conform to the desirable stand-

ards of this variety, and should possess the prin-

cipal properties which belong to perfect ears of

corn, so far as they are known and as completely

as it is possible to secure them. These physical

characteristics and properties include the length,

circumference, and shape of the ear and of the

cob ; the number of rows of kernels and the num-

ber of kernels in the row ; the weight and color of

the grain and of the cob ; and the size and shape

of the kernels. In making this selection the

breeder may have in his mind a perfect ear of

corn and make the physical selection of seed ears

by simple inspection, or he may make absolute

counts and measurements and reduce the physi-

cal selection almost to an exact or mathematical

basis."

The selection for chemical content is made on two bases,

— on the general gross structure of the corn kernel as

determined by " mechanical examination," and on chemical

analysis of the kernel.

Chemical examination by means of mechanical examina-

tion is as follows :
" The selection of seed ears for improved

chemical composition by mechanical examination of the

kernels is not only of much assistance to the chemist in

enabling him to reduce greatly the chemical work involved

in seed-corn selection, but it is of the greatest practical

value to the ordinary seed-corn grower who is trying to

improve his seed corn with very limited service, if any, from

the analytical chemist. This chemical selection of seed ears
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by mechanical examination, as well as by chemical analysis

(which is described below), is based upon two facts :
—

" 1. That the ear of corn is approximately uniform

throughout in the chemical composition of its kernels.

" 2. That there is a wide variation in the chemical com-

position of different ears, even of the same variety of corn.

These two facts are well illustrated in the table :
—

Protein in Single Kernels.
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different ears furnishes a starting-point for the selection of

seed in any of the several different lines of desired improve-

ment.

" The method of making a chemical selection of ears

of seed corn by a simple mechanical examination of the

kernels is based upon the fact that the kernel of corn is

not homogeneous in structure, but consists of several dis-

tinct and readily observable parts of markedly different

chemical composition. Aside from the hull which sur-

rounds the kernel there are three principal parts in a grain

of corn :
—

"1. The darker colored and rather hard and horny layer

lying next to the hull, principally in the edges and toward

the tip end of the kernel, where it is about three millimetres,

or one-eighth of an inch in thickness.

"2. The white, starchy-appearing part occupying the

crown end of the kernel and usually also immediately sur-

rounding, or partially surrounding, the germ.

"3. The germ itself, which occupies the central part of

the kernel toward the tip end.

" These different parts of the corn kernel can be

readily recognized by merely dissecting a single kernel with

a pocket-knife, and it may be added that this is the only

instrument needed by anybody in making a chemical selec-

tion of seed corn by mechanical examination.

" The horny layer, which usually constitutes about sixty-

five per cent of the corn kernel, contains a large proportion

of the total protein in the kernel.

" The white, starchy part constitutes about twenty per

cent of the whole kernel, and contains a small proportion of

the total protein. The germ constitutes only about ten per

cent of the corn kernel ; but while it is rich in protein, it

also contains more than eighty-five per cent of the total oil

content of the whole kernel, the remainder of the oil being

distributed in all of the other parts.
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" By keeping in mind that the horny layer is large in

proportion, and also quite rich in protein, and that the

germ, although rather small in proportion, is very rich in

protein, so that these two parts contain a very large propor-

tion of the total protein in the corn kernel, it will be readily

seen that by selecting ears whose kernels contain more than

the average proportion of germ and horny layer, we are

really selecting ears which are above the average in their

protein content. As a matter of fact, the method is even

more simple than this, because the white, starchy part is

approximately the complement of, and varies inversely as,

the sum of the other constituents ; and to pick out seed corn

of high protein content it is only necessary to select those

ears whose kernels show a relatively small proportion of the

white, starchy part surrounding the germ.
" As more than eighty-five per cent of the oil in the

kernel is contained in the germ, it follows that ears of corn

are relatively high or low in their oil content, according as

their kernels have a larger or smaller proportion of germ.

" In selecting seed corn by chemical analysis, we remove

from the individual ear two adjacent rows of kernels as a

representative sample. This sample is ground and analyzed

as completely as may be necessary to enable us to decide

whether the ear is suitable for seed for the particular kind

of corn which it is desired to breed. Dry matter is always

determined in order to reduce all other determinations to

the strictly uniform and comparable water-free basis. If,

for example, we desire to change only the protein content,

then protein is determined. If we are breeding to change

both the protein and the oil, then determinations of both

of these con tituents must be made."

Any careful farmer can make such examinations

as these. The relative abundance of one or the



214 RECENT OPINIONS.

other of three areas in the kernel will indicate

what ears should be chosen for seed. Professor

Hopkins proposes a system of field trials in which

one ear furnishes plants for one row, thereby allow-

ing the operator to see and measure the individu-

ality of each ear. By choosing ears that most nearly

approach the ideal, and then by continued selec-

tion, the desired result is to be secured.

It is impossible to overestimate the value of any

concerted corn-breeding work of this general type.

The grain alone of the corn crop is worth about

one billion dollars annually. It is no doubt pos-

sible greatly to increase this efficiency.

An interesting cognate inquiry to this direct

breeding work is the study of the commercial

grades of grains. It is a most singular fact that

the dealer's " grades " are of a very different kind

from the farmer's "varieties." In the great mar-

kets, for example, corn is sold as " No. 1 Yellow,"

"No. 2 Yellow," "No. 3 Yellow." Any yellow

corn may be thrown into these grades. What
constitutes a grade is essentially a judgment on

the part of every dealer. There is, therefore, a

very natural tendency on the part of dealers to

deliver grain as near the bottom of the grade line

as an inspector will pass, and consequently there

is a marked deterioration as the grain reaches the

seaboard. The result is that the grain is likely

to be condemned or criticised when it reaches Liv-
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erpool. Complaints having come to the govern-

ment, the United States Department of Agriculture

has undertaken to determine how far the grades of

grain can be reduced to indisputable instrumental

measurement. This work is now in the hands of

C. S. Scofield, in the Bureau of Plant Industry.

The result is likely to be a closer defining of what

a grade is ; and this point once determined, the

producer will make an effort to grow such grain as

will grade to No. 1, and thereby reach the extra

price. Eventually the efficiency points of the

grower and the commercial grades of the dealer

ought nearly or quite to coincide. There should

come a time when corn is sold on its inherent

merits, as, for example, on its starch content. This

corn would not then be graded 1, 2, and 3 on its

starch content, because that content would be as-

sured in the entire product ; but the Grade 1 would

mean prime physical condition, and the lower

grades inferior physical condition. Eventually

something like varietal names may be attached

to those kinds of corns that, for example, grade

fifteen per cent protein. The name would be a

guarantee of the approximate content, as it now
is in a commercial fertilizer.

Closely allied to the corn-breeding work of Illi-

nois (which is carried on by the Experiment Station

and also by a commercial firm) is the wheat-breed-

ing and flax-breeding work in Minnesota under
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the direction of Professor Hays. Mr. Hays's aim

has been chiefly to increase general value per acre.

The following sketch is made from his notes :
—

Examples are given of increased efficiency in varieties

produced at the Minnesota Experiment Station in coopera-

tion with the U.S. Bureau of Plant Industry and other

stations.

Minn. No. 163 wheat was bred by selection from Fife

parentage. During three years' comparison in field tests at

University Farm, near Minneapolis, it averaged 2.7 bushels

gain per acre, or eleven per cent better than its parent

variety, as shown by the following table:—
Minn. No. 163 28.5 bushels

Fife parent 25.8 "

Increase 2.7

In 1899, this wheat was sold to one hundred farmers,

thirty-eight of whom made the comparison between this and

their common wheats in a manner fair to both. The follow-

ing table shows the average increased yield to have been 1.4

bushels per acre, or eight per cent :
—

Minn. No. 163, average yield 18.1 bushels

Common wheats, average yield 16.7

Increase 1-4

In 1903, this wheat grew on at least 100,000 acres, and

since it was first distributed it has produced $ 100,000 more

than would have resulted from the varieties that it has

displaced.

Minn. No. 169 wheat was bred by selection from a Blue

Stem foundation. During the first four years it was in our

field tests it averaged 4.9 bushels more than the parent wheat,

as displayed by the following table of average yields, showing

an increase over its parent variety of twenty per cent :
—
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Minn. No. 169 28.5 bushels

Minn. No. 01 .... 23.6

Gain 4.9 "

In 1902, this wheat was sent in four-bushel lots, at $1.50

per bushel, to three hundred and seventy-five farmers.

Eighty-nine reports gave comparisons that were fair both

to the new and old wheats, and there were obtained the fol-

lowing average yields, showing an increase over the common
wheats for the entire State of eighteen per cent :

—

Minn. No. 169 21.5 bushels

Common wheats 18.2 "

Increase 3.3 "

In 1903, more than 150,000 bushels of this wheat were

grown, most of which will be used for seed in 1904.

Similar results have been secured with flax. Seven years

ago, Professor Hays chose seven samples of the common
Minnesota and Dakota flax, and made by selection many
new types for the production of seed, and numerous other

types, especially for production of fibre. The following table

gives the general results for 1902:—
Yield of Yield of Height in

Av. of 4 best varieties selected for seed

Av. of 4 best varieties selected for fibre

Av. of 4 best common varieties (from

outside sources) ....
Increase 5.9 .24 . . .

In field trials, in 1902, the increased yield of flax per acre

of the new varieties bred for seed was forty-nine per cent

;

and the increased height of the new varieties bred for fibre

was forty-six per cent more than the common flax.

grain.
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u We have developed statistical methods," Pro-

fessor Hays writes, "of dealing with such plants

as wheat, alfalfa, corn, and, in fact, nearly all of

the field crops where it is necessary or very advan-

tageous to plant a single seed in a hill, that selec-

tions may be made and the breeding powers of

parent plants measured. The general features of

this statistical work may be stated as follows

:

Every acquisition or newly bred variety receives

a number written thus, i Minn. No. 13 corn/ for

example. It is also botanically described and the

facts concerning its history, name, description, etc.,

entered in our 4 Minnesota Number Book.' If the

newly secured variety is an exceptionally promising

one, it is put into field tests, but ordinarily in the

preliminary garden test the first year. Promis-

ing acquisitions and promising newly bred hybrid

stocks are entered in the nursery, where their

breeding by rigid selection is begun, and large

numbers of plants are grown, one in each hill,

giving each plant the same space and opportunities

as each other plant. By processes of elimination,

the few best performers are secured. The next

year we plant a large number of the progeny of

each of these superior mother-plants. The aver-

age yield, height, and other measures are taken of

the progeny of each mother-plant. The breeding

value of each mother-plant is thus secured in

terms of the average performance of the progeny

;
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these are better measures of breeding power than

are the measures of mere performance of the indi-

vidual. These tests of the breeding values of the

mother-plants are continued two and sometimes

three years. Seeds from parent plants producing

the best average progeny are used alone or in

mixtures of close-pollinated species, and in mix-

tures in open pollinated species as the foundation

of new varieties. These are tested in the field

with the parent and other best standard varieties

for three years. Any introduced or newly bred

variety which is an especially good yielder of value

per acre is sent to the cooperating State Experi-

ment Stations in surrounding States and to our

substations, and its quantity is rapidly increased.

Any variety that is specially promising after being

tried for, say, two years at several stations, is in-

creased to sufficient quantity to sell to a number

of farmers in each county in the State. This seed,

backed by all the force of pedigree that we can

command, is sold at a high price, so as to make

the seed business profitable, and men are induced

to raise it and sell large quantities at a price

which will yield them a profit."

A most gratifying augury of the coming type

of effort is to be found in the work of the Plant-

Breeding Laboratory of the national Department

of Agriculture. This is an organization effected

for the purpose of producing types or kinds of
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plants that shall meet particular requirements.

Its work is now proceeding with many groups of

plants, but the burden of all its effort is efficiency in

the final product. Its work with cotton promises

to do nothing less than to revolutionize the cotton

industry. The special difficulty with the present

Upland cotton is the shortness of the " staple " or

fibre. This inch-long staple sells at present (1903)

for eight to eight and one-quarter cents a pound,

whereas the long staple of the Sea Island cotton

sells for twenty-five to thirty cents per pound.

The effort is to secure a longer staple for the

Upland, either by crossing it with the Sea Island

or by working with some foreign long-staple type.

The Egyptian cotton has a long staple, and this

is now being used as one of the foundation stocks.

But the Egyptian cotton possesses faults along

with its long staple. It will be the work of years,

by means of careful selection, to augment or main-

tain the desirable qualities and to eliminate the un-

desirable qualities ; when this is done, the cotton

will no longer be the Egyptian, but practically

a new creation, and this new creation should

receive a new name in order to distinguish it

from the inferior Egyptian from which it will

have had its birth. Under the leadership of Mr.

Webber, this new plant-breeding enterprise (prob-

ably the largest in the world) is now extended to

citrous fruits, apples, pineapples, oats, tobaccos,
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and other crops ; and there is every indication

that its usefulness will expand greatly within

the immediate future. Other institutions, and

other divisions of the Department of Agricul-

ture, are conducting similar work. In fact, one

or more officers at nearly every experiment station

are now giving attention to some phase of plant-

breeding work. It is significant that effort is

now being given to the improvement of the staple

farm crops, whereas a few years ago plant-breed-

ing work was supposed to belong mostly to the

horticulturist. Time is now on when every re-

sourceful farmer must look to the improving of

the intrinsic merits of his crops.

The modern methods of plant-breeding demand,

first, that the breeder shall familiarize himself

thoroughly with the characteristics of the group

of plants with which he is to work. He must have

very specific and definite knowledge of what makes

the plant valuable and what its shortcomings are.

Then he must secure as starting-points plants that

give promise in the desired direction. Thereafter

his skill will be taxed in selecting along responsive

lines, in making accurate and significant statistical

measures, in devising workable systems of testing.

He must grow large numbers of plants, if he is

working with farm crops, in order to multiply his

chances of securing desirable variations and to

minimize the errors.
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A promising course of breeding is one that shall

develop disease-resisting races within the variety.

Considerable progress has already been made in

this direction with cotton, oats, and some other

crops. Now and then a hill or a row or a variety

of potato resists the blight. Why ? May it not be

used as a starting-point for the development of a

blight-resistant strain ? The producing of disease-

resisting and pest-resisting races is one of the

most promising lines of work in the new plant

pathology.

Nor are all these advances to be secured from

seed selection alone. The cuttings and grafts of

fruit plants perpetuate the parental characteristics

with a good degree of surety. The time must

soon come when it will not be sufficient to multiply

the Bartlett pear from the Bartlett pear. We shall

still further specialize our ideals and propagate

from particular Bartlett pear trees that have made

record performances. This subject is being tested

in New York and elsewhere. It is one of the most

important problems now before the nurseryman

and orchard] st. 1

All this plant-breeding work is especially of a

kind to demand governmental support. The prog-

1 See, for example, a discussion of this subject in a paper

on "The Whole Question of Varieties," in the Report of the

American Association of Nurserymen, 1903 (Detroit conven-

tion). The subject is also discussed in " Survival of the Unlike."



THE FORWARD MOVEMENT. 228

ress of invention can be left to private initiative,

because the person can patent his device and secure

all the financial returns that it is worth. A variety

cannot well be patented or controlled. This is par-

ticularly true of these great race improvements, in

which no distinct and namable variety results ; and

these race improvements are the very ones that are

most likely to be of greatest benefit to agriculture

and therefore to the nation.

These methods and ideals may all be summed
up as follows :

—
I. Determining on what the merit in any group

of plants depends, and finding out what is needed

to make the plants more efficient. What makes a

potato " mealy " ?

II. Securing a start in the desired direction by

(a) Choosing for seed-bearing any plants that

are promising

;

(6) Introducing prominent foundation stock

from other regions or foreign countries ;

(<?) Crossing for the purpose of injecting a

new or better character into the strain.

III. Continued selecting, careful testing, and

keeping accurate statistical measurements and

records to maintain the progress true to line.

The first thing that strikes one in all this new

work is its strong contrast with the old ideals.

The "points" of the plants are those of "perform-

ance " and " efficiency." It brings into sharp relief
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the accustomed ideas as to what are the "good

points
v
in any plant, illustrating the fact that these

points are for the most part largely fanciful, are

founded on a priori judgments, and are more often

correlated with mere " looks " than with efficiency.

An excellent example may be taken from corn.

In "scaling" any variety of corn, it is customary

to assume that the perfect ear is one nearly or

quite uniformly cylindrical throughout its length

and having the tip and butt well covered with

kernels. In fact, the old idea of a good variety of

corn is one that bears such ears. Now this ideal

is clearly one of perfection and completeness of

mere form. We have no knowledge that such

form has definite correlation with productiveness,

hardiness, drought-resisting qualities, protein, or

starch content— and yet these attributes are the

ones that make corn worth growing at all. Such

ears may be more productive of kernels, but they

may not be characteristic of plants that produce

the greatest number of large ears. It may be dis-

tinctly worth while to breed for this perfection in

form, providing it is associated with breeding for

efficiency. An illustration also may be taken from

string beans. The ideal pod is considered to be

one of which the tip projection is very short and

only slightly curved. This apparently is a ques-

tion of comeliness, although a short tip may be

associated in the popular mind with the absence of
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"string" in the pod; but we do not know how
much this character is related to the efficiency of

the bean pod. We are now undergoing much the

same challenging of ideas respecting the " points
"

of animals. These "points," by means of which

the animals are "scored," are often merely arbitrary.

Now, animals and plants are bred to the ideals ex-

pressed in these arbitrary points, by choosing for

parents the individuals that score the highest.

When it becomes necessary to recast our "scales

of points," the whole course of evolution of domes-

tic plants and animals is likely to be changed.

We are to breed not so much for merely new
and striking characters that will enable us to

name, describe, and sell a "novelty," as to improve

the performance along accustomed lines. We do

not need new varieties of seedling potatoes so

much as we need to improve, by means of selec-

tion, some of the varieties that we already pos-

sess. We are not to start with a variety, but

with a plant. It is possible to secure a five per

cent increase in the efficiency of our field crops

;

this would mean the annual addition of hundreds

of millions of dollars to the national gain.

The purpose, then, of our new plant-breeding is

to produce plants that are more efficient for spe-

cific uses and specific regions. They are to be

specially adapted. These efficiency ideals are of

six general categories :
—

Q
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1. Yield ideals.

2. Quality ideals.

3. Seasonal ideals.

4. Physical conformation ideals.

5. Regional adaptation ideals— as to climate,

altitude, soil.

6. Resistant ideals— as to diseases and insects.

The main improvement and evolution of agri-

culture are going to come as the result of greater

and better crop yield and greater and better ani-

mal production. It is not to come primarily from

invention, good roads, rural telephone, legislation,

discussion of economics. All these are merely

aids. Increased crop and animal production are

to come from two agencies : improvement in the

care that they receive ; improvement in the plants

and animals themselves. In other words, the new
agriculture is to be built upon the combined re-

sults of better cultivation and better breeding.

So far as the new breeding is concerned, it is

characterized by perfect definiteness of purpose

and effort, the stripping away of all arbitrary

and factitious standards, the absence of speculative

theory, and the insistence upon the great fact that

every plant and animal has individuality.



Mendelism is maize. The first crossing was made in 1900,

Stowell Evergreen being pollinated by Indian Flour corn. The
ear resulting from this cross (1900) presented in color and com-
position the characteristics of Indian Flour corn. This ear was
planted in 1901. Some plants were pollinated in 1901 with Stowell
Evergreen (one of the resulting ears shown at left) and some with
the hybrid itself (a resulting ear on the right). —Plant-Breeding,
Laboratory, United States Department op Agriculture.





LECTURE V.

CURRENT PLANT-BREEDING PRACTICE.

[Contributed to the Fourth Edition, 1906.]

One of the " signs of the times " in North Amer-

ica is the attention that is being given to the practi-

cal breeding of plants. The academic discussion

of the subject is now well past, and a host of per-

sons is actually at work. Results are accumu-

lating rapidly with very many kinds of plants ;

but most breeders are too busy with their enter-

taining work to stop long with philosophy or specu-

lation. Eventually, of course, we shall be able to

formulate somewhat definite statements as to how
to proceed to secure desired results, and then the

literature of plant-breeding can be intelligently

rewritten. However, there is no hope that plant-

breeding can ever proceed with such exactness as

to enable us to produce forthwith the things that

we desire, in the way in which the mechanician

devises new machines, notwithstanding all the

suggestions of persons who write with much self-

assurance. For all that we can now see, plant-

breeding will always be an experimental process.

227
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It is this very experimental uncertainty of the

work that gives it much of its charm to inquisitive

and sensitive minds.

In considering the American achievement in

plant-breeding, we must divest ourselves at the

outset of all idea of "wonder," and "miracle," and

other nonsense, which has been so much written

into the subject in very recent time. Plant-

breeding is a plain and serious business, to be

conducted by carefully trained persons in a pains-

taking and methodical way. It is not magic.

There are persons who have unusual native judg-

ment as to the merits and capabilities of plants

and who develop great manual skill ; but they are

plain and modest citizens, nevertheless, and their

methods are perfectly normal and scrutable. The
wonder-mongers are the reporters, not the plant-

breeders.

It is a curious psychological phenomenon that

the populace, or a certain part of it, seems to lose

its head now and then. This phenomenon is not

peculiar to politics. It enters those domains that

are compassed by fact and that in ordinary times

are dominated by common sense. Plant-breeding

has been seized of this sensationalism. News-

papers, magazines, and books have spread the most

wonderful tales. The lay writers have at last

awakened to the fact that great progress is

making in agricultural subjects, and, with a frag-



THE THREE ESSENTIALS. 229

mentary and superficial view here and there, have

written of the subjects with all the enthusiasm

and partiality of new discovery. I have now in

mind not only the inflated writing about plant-

breeding, which constitutes a regrettable contribu-

tion to current horticultural literature, but also

that general tendency to exploit everything that

is capable of high coloring. I fear that the agri-

cultural historian, when he takes account of the

exploitations of the present day, will recall other

stages in which we seem temporarily to have

lost our better judgment, of which the Morus

multicaulis craze and the lightning-rod boom are

examples in two previous generations.

Having now warned my reader that I have

nothing marvellous in store, I shall proceed to

indicate some of the ways in which American

plant-breeders are working, fully conscious that

the space at my disposal is much too little to allow

of any adequate presentation of the subject. It

may not be out of place to call the reader's atten-

tion to the three foundations on which rests the

increased productiveness of crops and animals :
—

The enrichment of the land

;

The tillage and care

;

The producing of better varieties and strains.

We have long given careful attention to the first

two ; now we are studying the third with new
enthusiasm and purpose. There recently has been
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organized an " American Breeders' Association,"

of which three conventions have now been held.

The proceedings of the first two meetings are

published in one volume, and the list of members
constitutes a breeders' directory ; this list contains

seven hundred and fifteen names of plant-breeders

and animal-breeders. In the classified "business

directory " are the following numbers interested

in different phases of plant-breeding : fruit and

nursery stock, forty persons ; seed corn, twenty-

nine persons ; farm seeds, twenty-four persons.

This classified list is not at all complete. The per-

sons that are interested in the breeding of flowers

alone are probably more numerous than all of these.

Local crop-breeders' societies are also being

organized. The " Nebraska Corn Improvers' As-

sociation " met recently at Lincoln, with the fol-

lowing papers on the programme :
—

Breeding Cereals, Prof. C. A. Zavitz, Guelph, Ontario.

Breeding Timothy, Dr. A. D. Hopkins, Washington, D.C.

The Corn Plant as affected by Rate of Planting, E. G. Mont-
gomery, Nebraska Experiment Station.

Practical Corn Breeding on a Large Scale, J. Dvvight Funk,
Bloomington, 111.

Fundamental Requirements for Grain Breeding, Prof. M.
A. Carleton, Washington, D.C.

Breeding Drouth Resistant Crops, R. Gauss, Denver, Col.

Value of Corn Pollen from Suckers vs. from Main Stalks,

C. P. Hartley, Washington, D.C.

Experiments in Wheat Breeding, Alvin Keyser, Nebraska
Experiment Station.
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The most methodical plant-breeding is now
being done by officers of the experiment stations

in the United States and Canada, and by the

United States Department of Agriculture. In

most of the experiment stations there is one per-

son interested in improving horticultural plants

and another interested in field crops ; as there is

an experiment station in every state and territory

and in the provinces of Canada, it will be seen

that there are more than one hundred persons

who, by their profession, are directly concerned in

plant-breeding, aside from a number of persons

in the Plant-breeding Laboratory of the United

States Department of Agriculture who devote

themselves exclusively to this work, and not count-

ing many persons in other branches of the Depart-

ment who devote more or less of their energies

to such subjects. The work is extended, also,

into the hands of various assistants in the dif-

ferent institutions ; so that it is probably no exag-

geration to say that three hundred professional

investigators are now giving attention, for a

greater or less part of their time, to measures

for improving American crop production by

means of breeding. Aside from this, plant-

breeding is now a subject for instruction in

many of the agricultural colleges, and in this

way the impulse is carried far and wide over the

country.
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Long before these professional experimenters be-

gan their work, however, patient and painstaking

men had been breeding plants. They were " prac-

tical " men ; that is to say, they bred varieties in

order that they might sell the stock. Consider

the number of named varieties, in the catalogues,

of cabbages and tomatoes and dahlias and roses

and strawberries : all these originated somewhere,

and somebody named them and introduced them.

To be sure, many of these varieties were discov-

ered amongst other plants, no one knowing how
or why they came ; but many of them, particularly

in the roses and other florists' plants, were care-

fully bred ; and even the fortuitous varieties were

often improved and " fixed " by subsequent selec-

tion. If one is to sell a novelty, he must name it.

The tendency, therefore, was to produce a form

distinct enough in general external characters to

be easily distinguishable ; that is, to produce

"varieties." The experiment station man, how-

ever, is not pressed by the necessity of selling his

product. Therefore he cares little for merely

producing a new variety ; he may think it more

important to improve some existing variety or to

intensify some character that is not usable in gen-

eral catalogue descriptions : in short, he seeks for

efficiency and not for mere characters. This type

of effort was explained in the third edition of this

book, and the description will still be found in the
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pages between 203 and 226. One might write a

book on the plant-breeders who gave us the good

old varieties that we still prize, working quietly

and obscurely long before the days when periodi-

cals cared to discuss the subject or before men of

science condescended to investigate it. The pro-

duction of varieties in those days was regarded

as a trade secret, and this in part accounts for

the small knowledge that we have had of the

subject. I well remember the air of mystery that

attached to the subject when I first began to in-

quire into it, and the great difficulty of securing

any publishable data even when I wrote this book

ten years ago ; but now the field is open and free,

many ardent young fellows are exploring it, and

if I were to write again, I should be bewildered

by the facts and instances that I should find.

Before proceeding to the discussion of details,

I may be allowed to remind the reader of the pro-

cesses or stages in plant-breeding: —
1. To determine what attributes it is desirable

to work for;

2. To secure a variation

;

3. To improve and concrete the variation, if

need be, by selection.

It matters not whether the breeder is Darwinian

or De Vriesian, the methods are practically the

same. Even if varieties are mutants, as De Vries

supposes,— forms small or great that originate
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fall-fledged, — we may still need to practise selec-

tions as between mutants ; and if any varieties

turn out to be amenable to further separation by

means of selection, it only proves that these par-

ticular forms are not mutants. If a form is so well

marked and so valuable and so constant that it

needs no selection, then the breeder may rejoice

that his task is so easy, and he should have suffi-

cient time and enthusiasm left to cause him to

desire to repeat the experience. Howbeit, if the

plant-breeder's realm lies with plants that he must

propagate by means of seed, selection is usually

the one essential to success. How the variations

or differences are to be secured in the first place,

— whether by change of soil or climate, hybridi-

zation, or the less arduous method of merely

watching for them if perchance they are in the

mood to appear, — is a question to be settled each

man for himself ; and he will likely find that there

is no royal road, and in consequence he will try

all methods and keeps his eyes open in the bar-

gain. The greater the number of plants on which

he experiments, the greater will be the likelihood

of securing useful variation, and the more freely

can he select ; all recent experience enforces this

fact.

By selection he hopes to cut off the undesirable

forms and to cause the stock to " come true " to

seed ; and he may also be able to intensify his
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characters at the same time. To "come true,"

means that the particular attribute or form

becomes hereditable. Sometimes the form is he-

reditable in the beginning. I happen to have

photographs showing such an example. It is the

case of two red-root pigweeds, Amarantus retro-

Fig. A.— The big pigweed, after frost.

flexus, that grew in such a jostle of weeds that they

had to take on different size and shape in order to

live. A fuller account of these two pigweeds can

be found on pages 258 to 263 of " Survival of the

Unlike "
; it is now sufficient to say that one of

them got headway above its neighbors and meas-

ured thirty inches in spread and twenty-four inches
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in height, and that the other had a spread of nine

inches and a height of twelve inches. The frame-

work of the larger plant is shown in Fig. A. Seeds

from both plants, equally mature to all appear-

ances, were carefully sown in pans in the green-

house ; those from the smaller plant germinated

poorly, as seen in Fig. B ; and when the plants came

into bloom, there was still a marked difference, as

shown in Fig. C. I have no reason to doubt that

these differences would have been again heredi-

table to some degree had I sown the seed ; but as I

had not set out to produce an improved strain of

pigweed, I did not carry the test farther. All

this suggests a method of securing such a plant as

you may want.

The material for new types of plants may be

(a) the varieties already in use, (5) species or

varieties introduced from foreign parts, (V) native

plants not yet domesticated, (d) hybrids. In the

introduction of foreign plants, the past few years

have been fertile. These plants are introduced

primarily for their intrinsic merits ; but almost

immediately they are established in the new coun-

try, they begin to change or vary, and soon form

the basis of new direct forms or of hybrids. These

foreign plants are being brought in by commercial

firms, well-to-do plant fanciers, botanic gardens,

experiment stations, but particularly by the United

States Department of Agriculture, which has or-
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Fig. B.— Seedlings from the small pigweed at the left, and from

the hig one at the right.

Fig. C.— The pigweeds at blooming time. The parental character-

istics— apparently the work of a single generation— are shown

to be hereditable.
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gaiiized for this purpose the " Office of Seed and

Plant Introduction and Distribution," in charge

of David Fairchild. This office introduces prom-

ising plants from all parts of the world, and

subjects them to test on the grounds of the De-

partment of the various experiment stations, and

on the premises of private persons. Over fourteen

thousand selected entries appear on the inventory

of the office. Some of these entries are species

new to the country ; but most of them are new or

untried forms of species already growing in North

America. In many ways our domestic flora is

being enriched from outside sources, and these

additions in time will give rise to a variable

progeny, or will furnish strong stock for hybridi-

zation, and will affect the course of plant-breeding.

I. Luther Burbank.

, An editor of one of the great magazines asked

me recently whether Luther Burbank were the

only plant-breeder in the country. One who has

read the current Burbankiana can well under-

stand why the question was asked. If any reader

has followed me this far, he will not need to ask a,

similar question.

Yet if there are other plant-breeders, Luther

Burbank stands alone. He is a private person,

pursuing his work in his own way, and be-

cause he loves it so well that he cannot forego
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it. He is a gardener of a new kind. Every

plant appeals to him. This appeal is quite unlike

the appeal that is made to the botanist or even to

the horticulturist ; Burbank likes it because it is

a plant and because he would like to try to modify'

it. Therefore he grows everything he can, no

matter where it comes from or of what kind.

He cultivates with personal care, multiplies the

stock to the limit of his capacities, scrutinizes

every variation, hybridizes indiscriminatingly,

saves the seeds of the forms that most appeal to

him, sows again, hybridizes and selects again,

uproots by the hundreds and thousands, extracts

the delights from every new experience, and now
and then saves out a form that he thinks to be

worth introducing to the public. Every part of

the work is worth the while of itself ; at every

stage the satisfaction of it is reason enough for

making and continuing the effort. Every form is

interesting, whether it is new or the reproduction

of an old form. He shows you the odd and inter-

mediate and reversionary forms as well as those

that promise to be of use to other persons.

In all this there is neither magic nor conjura-

tion. The methods are the common practices of

all good plant-breeders, made unusually efficient,

perhaps, by the geniality of the climate, the great

scale on which some of the work is conducted, the

wide variety of plants under experiment, and the
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patient skill and good judgment of the man. He
cares little for the scientific method, so long as

the plants produce new forms. He will try to

cross anything, no matter whether it has ever

been crossed before or whether the crossing is

in utter disregard of all acknowledged botanical

relationships. Once when I asked him the botani-

cal name of a plant, he replied that he did not

know and did not care to know ; for if he knew
he would likely be bound by the book statements

and he might be handicapped in his work. He
is a bold worker, and this accounts for some of the

odd results.

Mr. Burbank is a plain, modest, sympathetic,

single-minded man. He is not a wizard. The

reporters have got hold of him and have abused

their privileges because they have not known how
to measure him and have not understood him.

Perhaps he has not understood himself. He is

kind-hearted and obliging ; he has been drawn

into discussions of all kinds of subjects, some of

which nobody knows anything about ; and persons

have been led to think that he has occult knowl-

edge. So far as these write-ups have tended to

draw attention to the kind of work that he is

doing, they undoubtedly have served a useful pur-

pose ; but many of them have really misrepre-

sented the genius of the man. Luther Burbank

stands for a great new idea in American horti-
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culture, and it is time that we begin to recognize

what this is.

The practical results that Mr. Burbank has se-

cured have been praised beyond all reason. His

place abounds in interesting and surprising things,

just as would be expected of any other man's place

if conducted under similar conditions. His work

has been so much written about that it is not nec-

essary to try to make any catalogue of the things

that are under his hand. The number of really

useful things that have been introduced by Bur-

bank is proportionally small ; although it is not

too much to hope that some of his productions, as

the plumcots, may be the starting points of strong

and novel lines of evolution. Some of those that

have been most heralded are of doubtful economic

value. This is true, I think, of the much-vaunted

spineless cactus. Several species of opuntia (to

which genus Mr. Burbank's spineless cactus be-

longs) are spineless. Spineless cacti have long been

known in Mexican and other gardens. By con-

tinued selection the more or less spineless forms

can be singled out and the smooth character per-

haps intensified. Mr. Burbank may be able to

eliminate the small spicules and to improve the

plant in the edible qualities of its fruit and stems.

There is no doubt that he has the spineless

cactus in quantity (Fig. F). It is a pleasure

to see him rub his face against the pads to deter-
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mine whether the spines are really there. But

what use shall we make of it ? It is said that we

shall plant the deserts, for the cattle can eat this

spineless cactus, and thus will the food supply of

mankind be immensely multiplied and the welfare

of the race enhanced. The cattlemen now singe

the spines from the wild cacti by means of gaso-

line torches, and this is much cheaper than to

plant the desert ; and experiments show that if

the desert were planted with spineless cacti, the

young plants would be destroyed if the cattle

and jack-rabbits were allowed on the ranges : this

would mean fencing the deserts. If the spineless

cacti are grown from seeds, some of the progeny

will probably be spiny ; these and the native

seedlings will have to be uprooted and this

will probably entail more expense than the en-

terprise will be worth. If, in addition to this

weeding, the plants are set out from cuttings, the

desert becomes practically a cultivated ground.

Moreover, it is undetermined whether Mr. Bur-

bank's cactus is really a desert form. Some of the

deserts will be irrigated and then cacti will not

be wanted ; and if the deserts are to be planted at

all, it is a question whether cacti are the best

plants with which to stock them.

All this leads me to say that the value of Mr. Bur-

bank's work lies above all merely economic consid-

erations. He is a master worker in making plants



246 CURRENT PLANT-BREEDING PRACTICE

to vary. Plants are plastic material in his hands.

He is demonstrating what can be done. He is

setting new ideals and novel problems. Hereto-

fore, gardeners and other horticulturists have

grown plants because they are useful or beautiful :

Mr. Burbank grows them because he can make them

take on new forms. This is a new kind of pleas-

ure to be got from gardening, a new and captivat-

ing purpose in plant growing. It is a new reason

for associating with plants. Usually I think of

him as a plant-lover rather than plant-breeder.

It is little consequence to me whether he produces

good commercial varieties or not. He has a sphere

of his own, and one that should appeal to a univer-

sal constituency. In this way, Luther Burbank's

work is a contribution to the satisfaction of living,

and is beyond all price.

II. A Practical Plant-breeder.

There are many wise and humble folk in many
parts of the country who are making efficient his-

tory in plant-breeding. I often feel that I should

like to hunt them out and make them known to

the world. The}^ are mostly plant-lovers, whose

chief reward is the joy that they derive from the

work. I was struck with this many years ago

when making a study of the evolution of the native

plums, for patient souls had been at work on these

fruits for years almost unknown of the world at
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large, and had produced numbers of useful varie-

ties ; and I have been similarly impressed in other

excursions into plant evolution fields.

There is another class of practical men who do

their work on a larger scale as a part of a thorough-

going and well-known business enterprise. Such

a business I am now to portray. I choose

this particular instance only because I am some-

what familiar with it and because it is near home.

I had this man in mind when I wrote the lines

on beans on pages 135 and 136 of this book.

N. B. Keeney, Leroy, New York, was first a

farmer. In war time he engaged in the produce

business in Leroy, in a farming community.

There was good trade in beans. The son Calvin

N. Keeney became interested in the varieties of

beans. He was attracted by their behavior in the

field, and he began experiments to improve them

by means of selection. From this it was but a

step to the originating of new varieties. The son

was taken into the business, the firm becoming

N. B. Keeney and Son. The father is now dead,

but the son continues the business. The business

is primarily the growing of seed for seedsmen. It

is devoted entirely to beans and peas. About two

thousand acres in New York are devoted to beans,

and four thousand acres in Michigan to peas.

In connection with the seed business is a can-

ning factory, putting up beans, peas, and sweet corn.
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The straw, husks, and other refuse could not be

sold to advantage. It required an expenditure of

five hundred dollars a year to dispose of the waste.

In order to utilize this waste of the seed and canning

businesses, a stock-feeding enterprise was estab-

lished. The green pea vines, and corn refuse are

ensilaged. The bean straw is fed to sheep. At pres-

ent, the stock feeding comprises about one hundred

and fifty hogs, three hundred steers, fifteen hun-

dred sheep. These statements are made in order

that the reader may see how far a bean-breeding

and pea-breeding enterprise may lead.

The main effort of the Keeney seed business is

given to growing the leading varieties in quantity

;

for in order to hold the best trade, it is necessary

to keep every variety up to standard or even to im-

prove it : therefore the entire enterprise becomes

a practical plant-breeding business. Now and

then new varieties are bred up and introduced
;

and improved strains of old varieties are offered,

often replacing entirely the old strains. In 1905

the following varieties of beans were grown

in quantity ; those marked with one star (*) are

improved or selected strains, and those with a

double star (**) are varieties of the Keeneys'

originating :
—

Best of All. *Black Wax, Cylinder Pod.

Bismarck, Buist's. **Black Wax, Fuller's.

Black Wax, Challenge. *Black Wax, Imp'd Prolific.
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Black Wax, Pencil-pod.

Bountiful.

Brittle Wax.
Brown Bunch.

Butter Wax, Maule's.

Champion Bush, Low's.

China Red Eye.

Crystal Wax.
Davis Wax.
Emperor of Russia.

Flageolet Wax, Crimson.

Flageolet Wax, Purple.

Golden Crown Wax.
Golden Eyed Wax.
Golden Wax, Grenell's Imp.

Golden Wax, Orig. Strain.

Golden Wax, Keeney's

Rustless.

Goddardor Imp. Hort.Dwf.

Hodson Wax.
Horticultural Dwarf.

Hort. Dwarf, Carmine Pod.

Hort. Pole, Worcester Imp.

Hort. Pole, Gold. Carmine.

Hort. Wax, Rawson's.

Imperial Wax, Allen's.

Imperial Wax, Jones's.

Kidney, White.

Kidney Wax, WardwelFs.

Kidney Wax, Round Pod.

Longfellow.

Marrowfat, White.

Medium, Burlingame's.

Mohawk, Early.

Mohawk Wax.
*Pea Beans, Boston Small.

Pea Beans, Snowflake.

Perfection Wax.
Prolific, Powell's.

Prolific, Southern.

Refugee, Extra Early.

Refugee, Golden.

Refugee, McKinley.

Refugee, Round Pod or

1000 to 1.

Refugee, Silver.

Refugee Wax, Keeney

Stringless.

Rust Proof Wax, Currie's.

Saddle BackW ax, Burpee's.

Scotia.

Six Weeks, Long Yellow.

Six Weeks, Round Yellow.

Stringless Green Pod,

Burpee's.

Stringless Green Pod, Giant.

Valentine Black.

Valentine Ex. Ey. Red.

Valentine, Ex. Ey. Ex.,

Round Podded Red.

Valentine, Hopkins's Red.

Valentine, White.

Warren Bush.

White Wax.
White Wax, Burpee's New

Stringless.

White Seed Wax, Jones's.

Yosemite Mammoth Wax.
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This list is interesting as showing the propor-

tion of new or original to old or other varieties

in a practical seed-breeding establishment. This

list does not represent the whole number of varie-

ties that Mr. Keeney grows, for the seed-breeder

must test every new thing in his line and always

be on the lookout for the chance to better the

kinds that are in existence. Every year Mr.

Keeney grows about two hundred kinds of beans

in the test garden ; and sometimes as many as six

hundred different lots — some of them represent-

ing different stocks or strains of the same variety

— are grown and studied.

To make any intelligent headway in breeding

beans, the breeder must first know beans. He
must know what the people want, what it is pos-

sible to get, and all the good points and bad

points of beans as to root and top, and bloom and

pod and seed. This will prevent laborious mis-

takes and economize much enthusiasm to be put

into progressive work. Then he will look for

natural sports that have some or all of the desired

qualities ; thereafter the process is one of most

rigorous selection until the stock breeds true.

If the desired form or start does not appear, it

may be necessary to set it off by crossing plants

that have some of the desired characteristics;

thereafter the process is one of selection, as

before. Mr. Keeney says that he can increase
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or intensify a characteristic by means of selection,

as well as eliminate the undesirable features.

This is the whole plan of Mr. Keeney's work.

There is no mystery about it ; but there is judg-

ment of a kind that few men possess and a per-

sistent process of selection such as few men have

the heroism to maintain.

If the breeder burns with a desire to have

forms so distinct that he can attach a new name
to them, he must caution himself at every point,

else he will be introducing things before they are

ready or which are of no gain to the world. New
varieties of seed vegetables come slowly ; and if

they are not well bred (that is, not well selected),

they will very soon break up into other forms or

u run out." Mr. Keeney puts his main effort in

keeping the old varieties up to grade, and it is on

these varieties that he makes the business pay.

The making of new kinds of beans pays only in

the intellectual satisfaction of it, and in the

general standing that it gives the business. Mr.

Keeney tells me that if he had never accomplished

anything else in the breeding of plants, he would

be content with having produced the Burpee

Stringless Green Pod.

To keep the stock up to grade, it is necessary

to begin with seed that is not only "true to

name," so far as general varietal characteristics

are concerned, but that is vigorous and with
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strong hereditary or carrying-over power. This

seed is planted on well-prepared land that is

adapted to beans. The tillage and general care

must be of the best. The plantation is gone over

with great care for "rogues" or untrue plants;

these are pulled out. The thoroughness and con-

sistency with which the " roguing " is done, will

determine the result. This process is continued

every year ; and if one field or one man's growing

gives a better stock than any other, this product

is used as stock-seed for all fields next year : thus

the stock is always being renewed and rebred.

Sometimes a single plant will be unusually good,

and from this the whole stock may be renewed.

For example, all the Mammoth-podded Sugar peas

grown in America to-day came from a teaspoon-

ful of seed that Mr. Keeney planted some ten or

twelve years ago.

Some fifteen or twenty years ago, Mr. Keeney

found in a field of White Wax beans one plant

that bore black seeds in stringless white pods.

In three or four years he had saved a quart of

promising seed. He planted this seed in an iso-

lated rich farm garden. All came true but one

plant : this plant was very tall and rank, and was

green-podded. From this plant twenty-two

varieties were produced, some of which were good

enough to save and introduce. From the bulk

of the original quart that came true, Mr. Keeney
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produced the Yosemite Mammoth Wax, which is

now a standard variety. The introducing of the

" stringless " character into his beans has come

about very largely by crossing with the Yosemite.

In peas, Mr. Keeney grows the following list

in quantity (he has specially selected strains of

those marked with a star *) :
—

Abundance.

Admiral.

Admiral Dewey.

Advancer.

Alaska.

Ameer.

American Champion.
*American Wonder.

British Wonder.

Champion of England.

Claudit.

Daisy, Carter's.

Duke of Albany.

Duke of York.

Dwarf Champion.

Dwarf Telephone.

Empire State.

English Wonder.

Everbearing.

Excelsior, Gregory's.

Excelsior, Nott's.

*Extra Early, Pedigree.

Extra Early, Trial Ground.

First and Best.

Forcing, Sutton's.

Forty Fold.

Glory.

*Gradus or Prosperity.

Green Gem, Sutton's.

Heroine.

Hurst, William.

Ideal, Sutton's.

Juno.

King of the Dwarfs.

*Laxton, Thomas.

Long Island Mammoth.
Market Garden, Horsford's.

Marrowfat, Black-eyed.

Marrowfat, Early Marble-

head.

Marrowfat, Improved Sugar.

Marrowfat, White.

May Queen.

Perpetual.

Premium Gem.
*Pride of the Market.

Prince of Wales.

Profusion.

*Prolific Early.

*Prolific Early Market.
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Prolific, Laxton's. Sugar, Very Dwarf.

Prosperity or Gradus. *Sugar, Mammoth Podded.

Reliance, Hurst's. Sugar, Tall Gray.

Seedling, Sutton's. Surprise, Gregory's.

Senator, Improved. Telegraph (L. I. Mam).

Shropshire Hero. ^Telephone.

*Stratagem. *Tom Thumb.

Sugar, Dwarf Gray. Yorkshire Hero.

The familiar Extra Early garden pea has been a

subject of very careful breeding. The " Pedigree
"

strain has a continuous genealogy running back

to 1890. In that year, it became apparent to Mr.

Keeney that the general stock of this well-known

variety was much mixed and run down. He
therefore selected out a good stock, and soon de-

veloped some twenty-four " families " or lines of

this variety ; from these he later selected three

lines, which were equally desirable, and repre-

sented very closely his ideal of what the Extra

Early should be. He still keeps up the selection
;

and two or three times has discarded all his gen-

eral seed-stock which he had himself produced, and

has renewed the stock with a strain that he had

been breeding up in the meantime. The work of

choosing the initial departures and of making the

primary seed-stock selections cannot be left to

hired men ; in fact, there are very few foremen

or assistants who have the judgment and patience

for the work : it must be a labor of love. Most

persons do not have the courage to discard so
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many plants. Mr. Keeney says that the success

in seed-breeding lies in what you throw away.

The satisfactory prosecution of all this work

requires careful note-taking. Mr. Keeney fur-

nishes, for example, such information as that

given on page 256 for his customers, all taken

directly from field notes.

There must also be personal records of the

strains and stocks that are under manipulation.

Mr. Keeney has kept the notes of his bean breed-

ing in a specially prepared record book, with the

entries running across two facing pages. The
headings of the various columns on these two

pages suggest the kind of information that the

breeder desires to have. (See page 257.)

III. The Experiment Station Work.

Most of the agricultural experiment stations—
and there is one to every state, territory, and

nearly every Canadian province— are interested in

concrete pieces of plant-breeding work. Through

the extension work of these stations and of the

agricultural colleges, the plant-breeding concep-

tion is being carried to the people. These insti-

tutions are distributing selected and highly

bred seeds, and are instructing their corre-

spondents in the importance of quality in seed

stock and the conditions that modify that quality.

Perhaps the most fruitful extension work of this
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kind is that conducted by the Ontario Agricultural

College through the Ontario Agricultural and Ex-

perimental Union. This is an organization of offi-

cers, students and ex-students of the college. It has

been in existence something more than twenty-five

years. Through this union, since its organization,

37,416 experiments or tests on agriculture alone

have been conducted on the farms. The college

has given much attention to the testing of the

varieties of farm crops. Importation of the vari-

ous cereals was begun twenty-five or thirty years

ago. The institution has tested more than two

thousand varieties of farm crops for a term of five

years or more, some of them having been followed

more than ten years. The college thus has on

hand a vast amount of carefully tested and selected

material with which to prosecute the cooperative

work. The plan has been to choose from two to four

of the most successful varieties of the various farm

crops and put them out among the cooperators

throughout the province. The college has under

test at the present time two hundred varieties of

potatoes from which selections are made for the

cooperative tests. It has fifty varieties of sweet

corn under study, and in nearly all of the farm

and horticultural crops it is in a similar situation

as regards material for the cooperative work. So

far as the mere testing of varieties of ordinary

farm crops is concerned, relatively little will be
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done in the future ; but the purpose is to continue

the work with strains of those varieties that are

the result of careful selection at the college.

Several years ago work was begun in selecting

wheat, barley, oats, and other grains by individual

plants and in propagating these plants until a sup-

ply was secured for the farmer. This year there

were harvested two acres of oats that came from

a single seed three years ago. It is remarkable

that such a supply can be secured in so short a time.

In 1905 there was secured a yield of 1929 pounds of

barley and of 3439 pounds of oats that were the

progeny of a single seed sown in 1903. It is also

stated that for the more remote future the work

will be with hybrids which they are now breed-

ing with apparent success to produce more desir-

able types with larger yielding qualities. All

tests made by the farmers are duplicated on the

college grounds. It is now proposed to establish

a complete set of such experiments in each county

in the province, the party conducting the work

to be remunerated for the actual labor involved.

These statements show how extended and effec-

tive certain kinds of practical plant-breeding

work have come to be.

An examination of the recent annual reports of

the experiment stations in the United States show

that at least twenty-eight of them report specific

plant-breeding work as in progress. The plants
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that are mentioned comprise the following : cot-

ton, sorghum, corn, grasses, buckwheat, millet,

wheat, rye, oats, barley, eggplant, tomato, red

clover, tobacco, sweet corn, sugar beet, timothy,

alfalfa, potato, pea, bean, apple, peach, cherry,

plum, strawberry, blueberry, grape, date, buffalo-

berry, currant, gooseberry, raspberry, ornamental

shrubs, flowers, forest trees.

It would manifestly be impossible to give even

a running sketch of all this interesting plant-breed-

ing work. Results may not be forthcoming as

rapidly as we would like, but it is apparent that

such an amount of effort concentrated on one gen-

eral line of effort is bound to accumulate surprising

results in the years to come. Merely as examples

of the nature of the problems lying in this unex-

plored field, I insert a brief description of two

pieces of breeding work now in progress and very

different in kind.

Breeding Hardy Fruits for the Prairie Northwest.

By N. E. Hansen.

There are three headings under which this

subject may be considered : (1) importation; (2)

exploration
; (3) amelioration. By importation

we secure the best plants from other countries.

In pursuance of this policy I import plants every

year from various countries of the Old World.
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By exploration is meant searching for desirable

variations from the normal type of fruits in our

native woods and prairies. I have done much of

this kind of work, especially in the range country

from the Missouri River west to the Black Hills. By
amelioration is meant the improving of this mate-

rial gathered from various parts of the world.

We should take all native plants of any value

and try by crossing them with desirable imported

plants to secure new plants combining the desir-

able characteristics of both races.

Over a large area of the prairie Northwest,

many of the fruits grown in the eastern and

southern states are deficient in hardiness. This

has been demonstrated by thousands of planters.

It has been estimated that it cost over one hun-

dred million dollars to learn that the varieties of

apples from the milder climate of western and

southern Europe are not adapted to this new prairie

region. It begins to be evident that all this ex-

perience is another proof of De Candolle's law, that

several thousand years are needed to produce a

modification in a woody plant which will enable

it to support a greater degree of cold. But that

nature is equal to such a task is shown by the fact

that woody plants, such as box elder and the red

cedar, extending over a wide area, differ greatly in

hardiness. The red cedar and box elder from the

southern and eastern range of their limits winter-
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kill at the northern limits, while the local form of

the species is hardy. In other words, it is possible

for nature through thousands of years to change

the constitution of a plant as to its ability to

endure greater cold, but it is not an experiment

for man to undertake. Inherent hardiness must

be present in at least one of the parents of the

seedling ; that is, hardiness cannot be secured

from tender varieties by selection. It must either

be present in both parents or transmitted from

one parent, the same as any other characteristic.

Plants can be bred more resistant to cold by cross-

ing with some hardy species.

Methods of Work. — In general, where no cross-

ing is done, the principle followed is that laid

down by Darwin and others :
" Excess of food

causes variation." Choice seedlings are started in

flats and transplanted to the field when large

enough, in highly manured soil. In some cases

it is best to sow seed thinly in nursery rows and

transplant when one year old. At fruiting time

the best few are selected, the remainder dug with

a tree-digger and destroyed by fire.

After endeavoring in vain for several years to

cross fruit blossoms in the breezy climate of

South Dakota, where spring is sometimes back-

ward and then the blossoms come on with a rush,

I decided to do the work under glass. While

visiting orchard houses in Europe in 1894 and
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again in 1897 the thought came to me that this

method of raising fancy fruit could be utilized in

experiments in the prairie Northwest. The appli-

cability of this method elsewhere remains to be

determined. The use of dwarf stocks is necessary

as the paradise for the apple, quince for the pear,

and the western sand cherry for the stone fruits.

The South Dakota legislature of 1901 granted

means for erecting the first fruit-breeding green-

house ever constructed. Since then experiments

have been limited only by the space available.

Much more could have been done with a larger

greenhouse. I trust that future legislatures will

provide additional facilities. Illustrations and de-

scriptions of these breeding houses may be found

in Bulletin 88 of the South Dakota Experiment

Station.

As a result of this appropriation, and the lib-

erality of the regents of education in affording

needed storage cellars and other facilities, we are

able to announce the production of many inter-

esting hybrid fruits, many of them combinations

made for the first time. Some of them are hybrids

of the South Dakota sand cherry with the peach,

nectarine, Japanese plums, a Chinese apricot, and

a purple-leaved plum from Persia. The work
with the western Sand Cherry (Prunus Besseyi)

is reported in Bulletin 87. Progress is also being

made in originating hardy cherries, strawberries,
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and raspberries. By far the most extended ex-

periment on record in the making of graft-hybrids

of the apple has been undertaken, and we await

the fruiting of the resulting plants with interest.

In ornamentals the main work done has been cross-

ing the wild Dakota and Siberian roses with choice

doable roses. If sufficient greenhouse facilities

are afforded, the propagation of such new seed-

lings as give promise of permanent value will be

pushed, so that they may be distributed for trial

elsewhere as rapidly as possible. The advancing

northward at least five hundred miles of the suc-

cessful cultivation of the cherry, peach, and apri-

cot, and that of winter apples, we trust will be

some of the results of erecting this novel work-

shop for the invention of new hardy fruits.

Considerable success has been secured in has-

tening the fruiting of cross-bred seedlings. For

instance, strawberries originated one winter by

crossing the wild with the tame have been raised

up to fruiting size the same year outdoors and

fruited in pots under glass the following winter.

This saves much time in selecting varieties for

propagation, and also hastens the work of propa-

gation by our being able to pot many layers before

transplanting to the field.

In handling a quarter of a million fruit seed-

lings, I find many interesting side lines of investi-

gation presenting themselves, but just now the
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main effort must be to originate a few varieties

of the various orchard and small fruits worthy of

a permanent place on the present limited fruit list

of the prairie Northwest.

In handling so many thousands of seedlings,

my endeavor in recent years has been to get some

clew to the quality of the fruit while the plants

are yet small. It would greatly lessen the labor

involved. No positive correlations of this kind

have as yet appeared. However, the two essen-

tials of vigor and perfect hardiness are insisted

upon from the beginning. With the sand cherry,

of which I have a patch of over twenty-five thou-

sand plants of the third generation under cultiva-

tion coining into bearing in the year 1905, I have

found some seedlings that are quite free from

mildew which so commonly affects the plant, es-

pecially in moist seasons. It is my belief that we
can breed a mildew-resistant race of this prom-

ising prairie fruit. In a patch of over six thou-

sand native plum seedlings I insisted on, as far as

possible, perfect foliage as well as fruit of large

size and good quality. In a patch of over three

acres of strawberries of half-wild, half-tame ances-

try, I insist on the leaves being free from rust

(Ramularia), but it may be impracticable to do

this wholly as. our wild strawberries have the

foliage affected in this manner. Whether we get

our blight-proof apple remains to be seen. Any
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plant that will not endure forty degrees below

zero with the ground bare of snow and come out

unharmed the next spring is rejected. In disease

resistance some peculiar facts crop out. For ex-

ample, some pure wild roses mildew, while their

lrybrids with cultivated roses are free.

I have learned to look upon a species of plants

only as a bundle of characteristics, more or less

definite in its make-up, to be modified to suit our

needs. A new seedling is really a new invention.

Although legally " a gift of God," it is the result

of the creative forces of nature under the guiding

hand of man. Part of our labor is to improve

nature's handiwork the better to adapt them to

the needs of a civilization ever growing more

complex.

Cornell Timothy-breeding.

By Samuel Fraser.

The prosperity of a good part of the country

rests directly on grass. Timothy grass is the most

important single crop in New York State. Yet

Ave have no varieties of timothy, as there are

of wheat and corn and beans. No good farmer

would sow wheat without knowing the variety,

for varieties differ in yield, hardiness, quality of

grain, or other excellences. The experiment sta-

tion of Svalof, Norway, has shown that the yield

of timothy, for hay, may be considerably increased
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by the selection of varieties. It is to be expected

that plants possessing other permanent characters
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of economic value may be found, and that we may

secure some varieties which will be early in bloom
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and others which will mature later ; some possess-

ing strong and long stolons and practically no

conn, and therefore adapted to withstand grazing;

and still others which produce abundance of fall

feed.

A careful study of timothy will show that it is

not all alike. It varies greatly ; it is reasonable

to expect that some of these variations are heredi-

table, and that this hereditability can be inten-

sified or "fixed." In order to test these points,

an experiment was begun in 1903. Timothy seed

was secured from 230 sources in this country and

abroad. With some selections made from indi-

vidual plants on the University farm, 12,600

plants were set in the fall of 1903 in 300 plats.

During 1901 and 1905 the planting of progeny,

selected for various characteristics, has increased

the number of plats to about 450, with 20,000

individuals. These, with a grass garden in which

there are 6000 individual plants of about 50

species, many being the progeny of selected

plants, cover about 10 acres of ground. There

are 20 miles of rows of timothy plants. More

than 100,000 distinct records have been recorded

in a single year on 9000 of these plants.

All plats contain 42 plants, 30 inches asunder

in rows 30 inches wide and in 2 rows of 21 each.

Every third plat is sown with a standard and

uniform lot of seed grown on the University
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farm, and in 1905 all new check plats were sown
with seed from one plant. The check plats meas-

ure any variation in soil conditions, and each

Fig. J.— A timothy plant that runs almost wholly to leaf.

variety or sample is measured by the yield or

stand of the check plat alongside.

Example :
—

Plats. 123456789 10
c c c c

It was soon apparent that the widest variations
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would be developed in the plants. These varia-

tions are of the following kinds :
—

(«) In duration : some annual, others perennial

;

(6) In stooling power : some ten heads, others

two hundred and fifty ; some have longer stolons

than others
;

(js) In time and manner of bloom : some a

week or ten days earlier than others

;

(d^) In character of leaf : some are long, others

short ; broad, narrow ; smooth, rough ; erect,

spreading

;

(#) In shape and size of head and seed-produc-

tion : large, thick heads can carry plenty of seed

;

some plants that promised well for pasture had

very poor heads and little seed

;

(/) In character of culm : some erect, others

spreading

;

(#) In general time of maturity : some develop

early and by August will have a second lot of

heads in bloom ; others will not

;

(K) In character of inflorescence : panicled and

not

;

(J) In vigor : in 1904, out of 9114 plants set in

fall of 1903 from American-grown seed, 37 per

cent were dead in 8 months, and 40.5 per cent in

the first year. By 1905, or nearly 2 years after

planting, 49.4 per cent had succumbed.

0') In yield: in 1904, of the 5619 survivors

above-mentioned, 103 yielded between ^ and J



Fig. K.— A timothy plant that runs much to seed.
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pound hay and 3 yielded half a pound; 5500

yielded less than
-J
pound. In 1905, of the 4612

survivors, 4 yielded over 1^ pounds of hay and 48

over one pound.

In Figs. H to L are shown some of the kinds

of variation or differences in timothy plants.

Of course, nearly all the plants turned out to

have no superior merits. In 1905, plants had

been grown from seeds of ninety-three selected

plants and three varieties were secured— enough

for ninety-six plats. The characters were such as :

heavy yield, poor yield ; coarse stem, fine stem
;

early in bloom, late in bloom ; thin heads, thick

heads; broad leaves, narrow leaves; tall; leafy,

not leafy ; etc. All of these plats are checked by

having a check plat beside them. All check plats

are sown with seed from one plant, No. 9.03,

the heaviest yielding plant having two years'

record. In addition, centgener plats (containing

one hundred plants placed in ten rows of ten

each, six inches apart) were set from the thirteen

heaviest-yielding plants. These are checked with

No. 9.03 plants and have five foot alleyways be-

tween, to permit of covering the plat with canvas

to prevent cross-pollination. Thus far the prog-

eny from three heavy-yielding plants selected

in 1904 have transmitted heav}^-yielding charac-

ters, and the progeny of weak plants are weak

and small in size.



Fig. L. — A productive timothy plant.
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IV. United States Department of Agri-

culture.

Probably the largest organized governmental

plant-breeding enterprise in the world is in the

United States Department of Agriculture. The
" Laboratory of Plant-Breeding " is in charge of

Dr. H. J. Webber, himself an expert breeder.

Aside from the cotton-breeding, citrus-breeding,

and other investigations by Dr. Webber, the fol-

lowing work was going forward in 1905 :
—

Alkali and Arid Plant-Breeding, Thos. H. Kearney and L.

L. Harter.

Tobacco-Breeding, A. D. Shamel, W. W. Cobey, and Dr. W.
W. Garner.

Corn-Breeding, C. P. Hartley and E. B. Brown.

Cotton-Breeding, Dr. D. N. Shoemaker, Prof. D. A. Saunders,

E. B. Boykin, Prof. A. W. Bennett, Prof. S. M. Bain, and

H. A. Allard.

Oat- and Potato-Breeding, J. B. Norton.

Wheat-Breeding, M. A. Carleton.

Breeding of Disease-resistant Cottons, Watermelons, Cow
peas, etc., W. A. Orton.

Sugar-Beet-Breeding, Dr. C O. Townsend.

Aside from the above principal lines of work, investiga-

tions are being conducted by the Department in the breeding

of carnations, roses, dahlias, lettuce, apples, pears, and other

plants.

In order to explain the point of view and to

exhibit the methods of the work of this labo-

ratory, I have secured from Dr. Webber and Mr.

Carleton brief summaries of some of the pieces of

work ; and these statements comprise the remain-

der of this chapter.



Fig. M. — Citranges (Hybrids of orange and Citrus trifoliata) . Top

fruit Citrus trifoliata. Top pair, Rusk Citrange. Bottom pair,

Willits Citrange. g nat. size. Reduced from colored figures

in Yearbook of tbe Department of Agriculture.
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Citrus-breeding,

By Herbert J. Webber.

Work on the production of frost-proof types was

started first in 1893-1894, but the hybrids were lost

by accident ; other hybrids were made in 1896 and

1897. A study of the possibilities in this direction

indicated clearly that if any great advance was to

be made, it would probably come through hybridi-

zation. For very many years, growers had been

carefully watching for hardy variations, and among
the many thousands of seedlings grown in Florida

and other countries where freezes occur occasion-

ally, such hardy variations, if there were any, would

have been noticed and utilized. The Department

sought to produce hardy types by combining the

hardy but worthless trifoliata orange (Citrus tri-

foliata) with the common sweet orange, hoping to

secure hybrids having the hardiness of the trifoliata

and the edible fruits of the common orange.

The hybrids were found to vary greatly in the

first generation, all that have thus far fruited pro-

ducing markedly different types of fruit. The
majority of these, as would be expected, have pro- n
cluced worthless sorts. The two sorts crossed

were very distinct species and it was expected that

a second generation of the hybrids would have to

be obtained in order to secure the necessary varia-

tions ; fortunately, however, the variation in the



CITRANGES. 279

first generation was sufficient to give opportunity

for selection. Three hybrid seedlings have already

fruited which produce fruits of undoubted value,

and these have been named and distributed to

growers. These three new hardy fruits form a

distinct new class of citrus fruits, and have been

named Citranges (Fig. M). The three varieties

or clons have been named respectively the Rusk,

Willits, and Morton. The Rusk, which is a

hybrid of orange 9 x trifoliata $ , is a beautiful

little fruit resembling a tangerine orange in color

and appearance, being nearly round and reaching a

maximum diameter of about two inches. It is

nearly seedless, averaging about one seed to two

fruits. The pulp is exceptionally juicy and rather

sour to eat out of hand without sugar. It is

slightly bitter but not more so than the pomelo

;

with sugar it is a refreshing fruit to eat out of

hand. It makes a very delightful citrangeade, a

good pie, and excellent marmalade and preserves.

For the latter uses it may ultimately be grown

extensively.

The Willits, which is a hybrid of trifoliata 9

X orange $ , is very similar to a lemon, though

differing in appearance. It has a rough, ribbed

surface, but nevertheless a fairly thin skin and is

very, juicy. In cross-section it resembles the finest

lemons. The fruits of the Willits make an excel-

lent citrangeade of high quality and can be used
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for culinary purposes when the lemon is now used.

Served with fish or ice tea, they will not be distin-

guished from the lemon unless well known to the

eater.

The Morton, which is a hybrid of trifoliata 9 x

orange $ ,
produces a fruit as large as the ordi-

nary orange, and so similar in appearance to the

orange that it can hardly be distinguished as a

distinct fruit. It is almost totally seedless and is

sweeter and less bitter than either the Rusk or

the Willits. With sugar this variety is a very

fair dessert fruit and is to be recommended mainly

for use as a breakfast fruit. It is very near to a

sweet orange.

Young trees of these three fruits have endured a

temperature of eight degrees above zero, and it is

believed that by slight protection for one or two

winters, while the trees are young, they may be

grown throughout South Carolina, Georgia, Ala-

bama, Mississippi, Louisiana, in the greater part of

Texas, in southern Tennessee and Arkansas, and

in regions of low altitude in New Mexico, Arizona,

Oregon, Washington, and northern California. In

none of the above regions, except southern Lou-

isiana and Arizona, can the ordinary orange be

successfully grown. The citrange will thus

extend the region of citrus culture about four

hundred miles north of the present citrus belt.

The Production ofNew and Odd Types.— There
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is a continuous demand for new and odd varieties

of citrus fruits and crosses were made of many
different types of fruits. Hybrids of the tanger-

ine and pomelo have given rise to a new group

of fruits which has been designated the Tangelo.

One variety of tangelo has already been named
the Sampson (Fig. N), and another still under

test will probably be named and distributed next

year. The tangelo produces a fruit intermediate

between the tangerine and pomelo, having the

loose, " kid-glove" skin of the tangerine. It is

sweeter than the pomelo, but more sprightly acid

than the tangerine. The characteristic bitter

flavor of the pomelo is considerably reduced but

remains as a pleasant suggestion of that popular

fruit. Withal the tangelo is an excellent dessert

fruit and an interesting and valuable acquisition.

Two new tangerines, the Weshart and Trimble,

resulting from a hybrid of Dancy Tangerine with

Parson Brown Orange, have been named and dis-

tributed. While resulting from carefully hand-

crossed seed, these fruits are strictly tangerines in

all qualities. They differ from the ordinary va-

rieties in being larger and about two weeks earlier

in season— two characters of value.

A good blood orange has resulted from a cross

of ordinary orange with pomelo, neither parent

showing in any degree the " blood " character.

Two new limes have been named, which resulted



Fis. N.— Sampson tangelo. f nat. size. Adapted from Yearbook.
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from carefully hybridized seed of West Indian

lime 9 with the Sicily lemon $ . Both are true

limes in every noticeable quality, one producing

a small fruit and the other a large fruit. Only a

small number of the hybrids under test have yet

fruited, and many more interesting new sorts will

doubtless be obtained.

Pineapple-breeding.

By Herbert J. Webber.

The common market pineapple is ordinarily

entirely seedless. So rarely are seeds formed that

few people even among the growers have ever

seen them. By hand-crossing different varieties

it was found possible to secure a fairly large

proportion of perfect seeds. From crosses of

different varieties made by the writer in conjunc-

tion with Mr. W. T. Swingle, about three hundred

hybrid seedlings were obtained. From such a

small number of seedlings ordinarily very little of

value would be expected to result. As a matter

of fact, nearly twenty of these seedlings are quite

different from existing varieties and seem to pos-

sess sufficient merit to justify their being named
and. distributed. The exceptional good quality

and flavor of the hybrids as a whole is very

noteworthy. It would seem as though the quality

of the ordinary varieties must have deteriorated

under long vegetative propagation and require
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the rejuvenescence of cross-fertilization to restore

their good qualities. Unless some such explana-

tion be true, it is difficult to understand the

uniformly superior quality and flavor of the

hybrids. Only one smooth-leaved variety is now
cultivated in this country, the Smooth Cayenne,

and this was crossed with various sorts with the

hope of producing more smooth-leaved varieties.

Such hybrids have furnished a number of promis-

ing smooth-leaved varieties. It is interesting to

note, however, that almost as many smooth-leaved

seedlings resulted from crossing spiny leaved

sorts as resulted when the Smooth Cayenne was

used as one parent. Five of these hybrid seed-

lings which have been fruiting since 1901 will

be described in the 1905 Yearbook of the Depart-

ment of Agriculture.

Cotton-breeding.

By Herbert J. Webber.

Production of Long-staple Upland Races.

The cotton-breeding work of the Department

was started in 1899, when the writer first took up

the problem of creating better-yielding, long-staple

races. There is a growing demand for long-staple

cotton, and the regions where the long fibre can

be profitably cultivated are very limited. The

short-staple sorts, having fibre usually from seven
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eighths to one and one-sixteenth inches in length,

are grown all over the great cotton belt of the

United States. Of this cotton we produced last year

(1904) over thirteen million 500-pound bales, while

the maximum production of long-staple upland

sorts, grown principally in the rich bottom lands

of Mississippi and Louisiana, has never exceeded

about two hundred thousand bales per annum.

The long-staple upland cottons produce fibre

ranging from one and one-fourth to one and one-

half inches in length, and usually sell from

twelve to eighteen cents per pound when ordinary

cotton is selling at nine and ten cents. The longer

the fibre the better and stronger the yarn pro-

duced, and the better the goods manufactured.

If, then, we can secure one and one-fourth to one

and one-half inch staple cotton that will equal in

yield the ordinary upland cotton on the same soils,

the longer-stapled sorts should ultimately sup-

plant the short-staples.

It seemed to the writer that the most feasible

way of producing such long-staple sorts adapted

to upland regions was to hybridize the very long-

staple sea-island cotton (G-ossypium Barbadense)

with the short-staple upland sorts (G-ossypium

hirsutum) and select the hybrids in an upland

cotton region, the aim in such an experiment

being to combine the fine, long, and strong lint

qualities of the sea-island cotton with the large,
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round, easy-picking bolls, greater productiveness,

and adaptability to upland conditions of the

upland short-staple cotton. Another feature

that seemed important to the writer was to get

in the hybrid varieties, the smooth black seed of

the sea-island instead of the fuzzy seed of the

upland, so that roller gins could be used in gin-

ning the cotton, if found desirable. Throughout

the work these ideals have been kept closely in

mind, and every plant examined carefully, and

those selected, carefully graded.

In 1899 a number of hybrids were made and

the first generation was grown in 1900. These

were examined and the most promising bred

inter se. In 1901 six acres of second-generation

hybrids were grown, thus giving many thousand

plants to select from. In this generation twelve

specially good plants possessing the desired com-

bination of characters were selected and each of

these were planted in isolated acre patches in

1902. A large number of other plants were also

selected and grown together in a miscellaneous

patch the next year. In 1902 the progeny of each

of these acre patches was carefully watched, and

every undesirable type pulled out as soon as dis-

covered, reducing the number of plants in each

acre to about twenty-five or thirty. These were

used to plant the same isolated patch the next

season (1903). This process, coupled with careful
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grading, has been continued every year since. By
the fifth generation (190-1) the twelve types had

been reduced to five, and these had reached a

stage of fixity as complete as is found in the ma-

jority of cotton races ; they yet produced a good

many plants with fuzzy seeds and some with short

lint. This year (1905, in the sixth generation)

one of the varieties has reached sufficient fixity

and is of such promise that it is thought to be

ready for introduction into cultivation as soon as

it can be propagated in quantity. Considerable

roguing will be necessary to keep it up to a high

state of production and quality. Two other of

the hybrid types are also nearly fixed and will cer-

tainly be valuable sorts. One of these hybrids,

it is believed, will give lint nearly equal to the

fine sea-island in length, strength, and fineness.

The lint, however, is produced on a typical up-

land cotton plant with large, round bolls. The
fields of these cottons this year at Columbia, S.C.,

are equal to the best uplands in the vicinity,

where unselect seed has been used. (Figs. O and

P show short-staple and long-staple cottons.)

The greatest surprise in our work has come

through experiments in the improvement of the

lint by the straight selection of certain big-boll

uplands. A three-year selection from Jones Im-

proved ordinarily having lint averaging one inch,

and not over one and one-eighth, has given us this
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year a field of seven acres averaging about one

and one-fourth inches, and several progenies from

selection of last year averaged one and three-

eighths inches of fine, long, strong cotton. It is

exceedingly promising and will be grown for dis-

tribution next year. These plants have been

carefully selected, the pedigree running back to

carefully selected individuals three generations

ago.

A straight selection of Russell Big Boll now in

fourth generation of selection is also showing the

same marvellous increase in lint length without

reduction of its productiveness. If these cottons

will hold up three years after selection ceases, they

should drive short staples out of the market ulti-

mately. I believe that the continuation of the

selection will render the character practically fixed

until reduced by intermixing.

We have a pedigreed strain of a short-staple

variety, Pride of Georgia, which has this year and

last given a very much better yield than ordinary

cotton. We expect to send seed of this to about

three thousand planters this winter (1905-6).

Many other selections and hybrids are under

experimentation, some of which will doubtless

prove valuable.
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Wheat-breeding.

By M. A. Carleton.

In the wheat-breeding experiments of the United
States Department of Agriculture there are about

950 wheat hybrids, selected from 286 original

crosses. The accompanying illustrations (Figs.

Q-T) are very good examples, showing some of

the most interesting variations. A brief descrip-

tion is given of the methods of operation, followed

by some notes on results.

Method of Work.

A very large part of the work of improving

wheat is simply the selection each year of better

plants and the occasional introduction of distinct

varieties from foreign countries that are better

adapted to the particular conditions under which

the crop is to be grown. We have found, indeed,

that if this kind of work is conducted thoroughly,

with a broad knowledge of wheat varieties and

their adaptation, the results of hybridization are

made much more effective and, especially, very

much time is saved. We are obliged to infer

from previous experience that much work in

wheat-breeding has been done needlessly because

of the lack of previous knowledge of varieties,

which knowledge would have shown that there

already exist certain varieties much better than

those obtained through cross-fertilization. To
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illustrate, if one wishes to secure varieties more

resistant to rust, there will be a saving of both

time and labor by securing first the variety best

in this regard among those already in cultivation.

Such varieties as are best with respect to any one

quality are often found in foreign countries.

The best varieties, so far as we know them,

having been established by thorough adaptation

tests, are used from which to select the best plants

for use in cross-breeding. Suppose we wish to

improve the wheat of the Middle West, generally

represented by the Crimean or Turkey winter

wheat, by giving it greater rust resistance. The
best plant of the Crimean as to yield, hardiness,

and quality of grain is selected and crossed with

the best plant of a variety of the durum wheat

group, the Velvet Don, for example, which has the

quality of rust resistance to an exceptional degree.

This latter variety is also very resistant to drought.

We hope, therefore, to secure from the progeny a

new variety having all the good qualities of these

two parents, and will try, as far as possible, to

eliminate the bad qualities. The good qualities

are yield, winter hardiness, excellence of kernel

for bread-making, rust resistance, and resistance

to drought.

The parent plants having been selected, it will

depend on the circumstances of flowering as to

which one will be chosen as the female parent.
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The Velvet Don being for most regions a spring

variety, it would be chosen in this case for the

female parent, as its time of flowering would be

a little later than that of the Crimean, and we can

therefore be more certain that it has not been self-

fertilized.

The operation of artificial cross-pollination is

about as follows : The articles provided for the

work are, a small pair of forceps, such as used in

ordinary laboratory work, a small pair of curved

scissors (similar to manicure scissors), and a

supply of very small white tags with strings at-

tached ready for use. With the forceps the glumes

of the flower to be cross-pollinated are spread apart

and the three stamens taken out bodily, thus com-

pletely emasculating the flower if the operation

has been done at the proper time, just before the

anthers are ripe.

The same day or the next morning, pollen is

taken from the fully ripened flowers of the plant

selected for the male parent and scattered within

the opened glumes of the flowers that were emas-

culated as above described, after which the glumes

are smoothed back into their former positions as

nearly as possible. There appears to be much
variation in the practice of different persons as to

the number of flowers pollinated. On an average,

we cross-pollinate about sixteen flowers in each

head operated on, these being the eight outside
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flowers of the four best spikelets on each side of

the head. The spikelets are chosen just above

the middle of the head, that is, a little nearer

to the apex than to the base. In all cases where

there are more than two flowers to each spikelet,

the middle one and any others that may be present

are also emasculated, but not pollinated, the outside

flowers usually producing a little the best grains.

The spikelet immediately above those that are

pollinated and the one immediately below are

nipped with the scissors, which mark indicates

that the operation has been made on the spikelets

between. After the operation is performed, one of

the white tags is tied to the stalk and the names

of the parents and the date of the cross written

upon it. So far as can be determined, the best

head of the plant is pollinated, but sometimes two

or three heads of the same plant are employed.

After trying the experiment for some time, the

practice of tying paper or cloth bags over the

cross-pollinated heads has been abandoned. Often

the head is much injured by the operation, particu-

larly in times of wet weather, and there does not

seem to be much need of it. After some experi-

ence one can determine very readily whether there

has been any natural cross-pollination other than

the one intended simply from the nature of the

results, and really such an instance seems never to

have occurred in our experience. In this connec-
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tion it is worth while to remark that one becomes

able after a while to determine rather accurately

what parents were employed in any particular

cross merely by the characters of the progeny.

At first there are likely to be many failures in

the production of kernels from these cross-pollina-

tions, but after considerable experience ordinarily

good work will result in an average production

of kernels from about sixty per cent of the crosses.

One great mistake often made, and one that was

made by ourselves at the beginning of our Avork,

is that of cross-pollinating too small a number of

flowers. Instead of eight or a dozen cross-pollina-

tions, there ought to be more nearly one hundred

in the case of every cross. It may be necessary to

secure a great many variations and to have a large

number of progeny before there is obtained the

particular variation that one desires. In all our

operations now, we are attempting to produce in

every case just as many cross-pollinated kernels

as possible up to the limit of about one hundred,

but we always expect later to discard scores of

plants from the progeny. It is only by having a

large number of individuals to work on and by

a process of rigid elimination that we are able to

secure the best results.

Another way by which a number of undesirable

plants are eliminated, particularly in the winter-

wheat region, is the practice of planting the
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kernels produced from these cross-pollinations in

exactly the same way and under the same condi-

tions as the ordinary standard wheats are planted.

It is not the practice in our work to give any

special care to these new plants. Therefore, only

the hardiest survive, and in some cases as small

a number as ten per cent of the entire number

planted has survived the winter. The method of

planting the seeds of our hybrids, as well as the

standard varieties of all the cereals, is to sow them

in drill rows about fifteen inches apart. In the

cases of the standard varieties, the furrow is first

made and then the seed sown by a hand drill in

the furrow thus prepared. Of course in the cases

of the hybrids the seed must be sown by hand.

Later on, in order that the hybrids may be grown

under ordinary field conditions and yet that statis-

tical results from the progeny may be obtained,

the seeding of each one is duplicated in two ways

:

that is, a small part of the seed is sown, a ker-

nel, in a place about six inches apart, in a row

twenty feet long, the remainder of the seed being

sown with a hand drill just as the standard wheats

are planted.

The work requiring the most care is the after-

treatment and selection of these hybrid wheats.

As stated, scores, and later on hundreds, of

individual plants from the progeny of each

hybrid are discarded every year; but of course it
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requires constant study and rather critical judg-

ment to determine whether it is wise to discard

a plant or not. Also, because our experimental

stations are at a number of different points

throughout the country, it is often true that a line

of variation in the progeny, though found to be

ill adapted to a certain locality, may be very

nearly just what is wanted in some other district.

Some of the most interesting work is that of the

separation of the progeny of these hybrids into

classes, based on the lines of variation having

qualities suited for different purposes or regions.

A complete pedigree record is kept of all the

progeny of the original hybrid, and later, when
the new varieties that have been developed along

certain lines of variation become fixed, a summary of

the statistical results shown in the notes on these

progeny is made out on large sheets. Detailed

notes on the characteristics of the individual plants

are recorded in a field note-book made of a size

conveniently to fit the coat pocket. In the case of

the standard varieties, they are all entered in this

note-book according to accession number, a list

of the varieties corresponding to the numbers

being placed in the back part of the book for

reference when needed. After the column of

numbers there are many other columns in which

there is given opposite to each number the notes

on height of plant, time of ripening, rust resist-
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ance, size and shape of heads, character of the

kernels, etc. After fixation, each hybrid is given

an accession number and treated the same as

a standard variety. Before fixation, and while the

variations among the progeny are under observa-

tion, the different variations are indicated by a

special system of numbering, which is the same as

that used also by Dr. H. J. Webber and his assist-

ants in other plant-breeding work and which is as

follows : The hypothetical cross of Velvet Don
with the Crimean above mentioned, supposing the

number of the cross to be twenty-three, would be

indicated as follows, if the hybrid has been carried

through the fifth generation, which is true now
with nearly all of our hybrids : 23a 2-1-3-1-2. This

number attached to a plant indicates that it is the

second selection of plants of the fifth generation

of the hybrid No. 23 Velvet Don x Crimean.

After the first number, which is the number of the

original cross, every figure indicates a generation,

and therefore the number of figures show at once

the number of generations in the cross. In this

case the progeny has descended from the plant

produced by the second grain in the cross, No.

23a. From the seed of that plant a number of

individuals are produced in the second generation,

of which No. 1 was selected for this line of varia-

tion. In the third generation No. 3 was selected.

In the fourth generation No. 1 was selected, and
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in the fifth, No. 2. The letter following after the

cross number, which is a in this case coming just

after No. 23, indicates which cross is referred to

as regards the individual parent plants; that is,

there might be another cross made of Velvet Don
with Crimean, but in that case it would be No.

23b, and if there were a third one it would be No.

23c, the particular parent plants being different

in the cases of b and c. In taking field notes

on the hybrids, this number, 23a 2-1-3-1-2, is

placed in the proper column instead of the ac-

cession number, as in the case of the standard

varieties.

Results.

Although we have experimented with many
hybrids, it is desirable, for the purpose of conden-

sation, to illustrate the results simply in a general

way by a description of a few of the most repre-

sentative cases. The accompanying photographs

illustrate four of the hybrids here described, all

the pictures being similarly reduced in size. Al-

though the hybrids have been carried through five

generations, it is impossible, without much further

work, to discuss here the variations farther than

the third generation. However, this includes

the most interesting periods, there being very

few changes that are of interest in the later

generations.
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In some cases it would be desirable to show the

kernels, but in most instances these are not avail-

able and at any rate could not very well be shown

in a photograph. In mentioning a hybrid, the

name of the female parent is given hrst, then the

sign x , followed by the name of the male parent.

In the accompanying photographs the parents are

shown at the left of the sheet, the first one being

the female parent.

Special Notes on Certain Crosses.

I. Hybrid T#xl344. — Yx, the female parent,

is a hardy, red-chaffed, red-grained, bearded winter

variety, and 1344 is a white velvet-chaffed variety

with rather soft grains and no beards. In the

second generation, plants with both red-chaffed

and white-chaffed heads appear, the most interest-

ing and valuable of which are those having large,

vigorous heads with red chaff, the size and vigor

coming from the male parent and the hardy char-

acteristics and good quality of the grain from the

variety Yx.

II. In a cross of Ghirka Winter x 1392, there

is introduced the interesting feature of a bearded

club wheat in the second parent. In the first

generation, one plant is clubbed but has no beards.

In the second generation there are two individuals

with clubbed heads and no beards, and one other

with clubbed heads and beards. The parent 1392,
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coming originally from north central Asia, is char-

acterized by early maturity, and this characteristic

appears in several of the progeny. Earliness in a

plant something like No. 1 or 2 of the second

generation (see illustration) would be very im-

Fig. Q.— Ghirka Winter x 1392. 1. Female parent. 2. Male parent.

3. First generation. 4. Second generation.

portant from an economical standpoint. Ghirka

Winter is a very hardy winter variety with hard,

red grains, white chaff, and no beards. (Fig. Q.)

III. One of the interesting crosses is that of

Arnautka x 1403. Arnautka is the native durum

wheat of the Northwestern States; that is, it has

been grown there in a small way for a quarter of
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a century, having come originally from Russia.

The 1403 is also a durum variety, but differs from

the Arnautka in having a velvet chaff. In this

cross there is an unusual and interesting feature

of a true club wheat appearing in the second

generation which is also bearded. Neither of the

parents is known to be a hybrid, so it is not

likely that this plant could be a reversion to an

older ancestor.

IV. Grhirka Winter x Spelt. In this cross

there is introduced as the male variety a repre-

sentative of a distinct group of wheats, the true

spelt. These wheats are not grown at present in

this country except at the experiment stations,

although the name is often incorrectly applied to

emmer. The parent, Ghirka Winter, has already

been described. The spelts have long, slender

heads with usually only two grains in a spikelet

and the spikelets arranged far apart, producing a

very loose head. For the first generation of this

cross, only one plant is represented in the illustra-

tion, and this is in all essential features like the

male parent. In the second generation some of the

progeny approach the male parent by different de-

grees, Nos. 3 and 5 (see illustration) being very

much like it. The spelts are very constant in

fertility, every flower almost always producing a

grain, and this characteristic, if transmitted to the

offspring of a cross, is of economic value. They
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also have a very tenacious chaff. Nos. 2 and 4

are likely to be of the greatest economic value,

having to some extent the good qualities of both

parents. (Fig. R.)

V. In the cross of Diehl Mediterranean x

Fig. R.— Ghirka Winter x Spelt. 1. Female parent. 2. Male

parent. 3. First generation. 4. Second generation.

Jones's Winter Fife, there are illustrated varia-

tions to the third generation. The female parent

is a red-chaffed, bearded wheat without velvet.

The male parent, Jones's Winter Fife, is a beard-

less, white, velvet-chaffed wheat. In the third

generation it will be seen that there is quite a

range of variation, although all of the plants were
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produced from the single plant here shown of the

second generation. (Fig. S.)

VI. Jones's Winter Fife x Ufa emmer. In

this cross several very interesting things are

shown. One soon finds that the emmers stamp

Fig. S.— Diehl Mediterranean x Jones's Winter Fife. 1. Female

parent. 2. Male parent. 3. First generation. 4. Second gen-

eration. 5. Third generation ; five plants, progeny of No. 4.

their characteristics very emphatically upon the

offspring in any cross in which they occur. At
the same time Jones's Winter Fife is itself a very

vigorous hybrid with a long pedigree, and is also

quite pre-potent. In the first generation, No. 1

(see illustration), is very much like the female

parent, Jones's Winter Fife, having even the
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velvet chaff, which is a characteristic of that

variety. No. 2, however, is a very striking ex-

ample in which the characters of both parents are

distinctly shown, having a head of exactly the

shape of the emmer and at the same time a thick

velvet characteristic of the female parent. In

this plant, however, there are no beards. In the

second generation there is a club wheat with

velvet chaff, which, however, is not shown in

this illustration. To one not familiar with the

history of either parent this fact would be pecul-

iar, especially as neither parent is a club, and

plants with clubbed heads, so far as we know,

would not appear in crosses of one of the common
wheats with an emmer unless one of the parents

is itself clubbed. In this case the explanation, no

doubt, is that several of the ancestors of Jones's

Winter Fife were club wheats, so that this is a

reversion to the character of an older ancestor.

Even the plant of the second generation here

shown (see illustration) is slightly clubbed, but

otherwise has the shape of head and the beards

of the emmer and the velvet chaff of Jones's

Winter Fife. From this plant were produced

all the variations shown in the four plants of the

third generation here illustrated. (Fig. T.)

VII. Finally, I would mention a cross of a red

beardless spelt x Ufa emmer. The Ufa emmer
is a rather hardy variety of this group, coming
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from extreme northeastern Russia near the

Siberian border. In the progeny of this cross

are a number of plants having heads very similar

to those of our common wheats. The occurrence

of these heads would indicate the possibility that

Fig. T.— Jones's Winter Fife X Ufa emmer. 1. Female parent.

2. Male parent. 3. First generation. 4. Second generation.

5. Third generation ; four plants, progeny of No. 4.

a number of our common varieties well known
to-day originated many years ago from crosses of

the spelts and emmers either with each other or

with varieties of other groups.

General Remarks.

In our experiments we have succeeded in cross-

ing all groups of wheats with the common
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varieties except the einkorn group, known botani-

cally as Triticum monococcum. A number of at-

tempts were made to cross with this group, but

we are not certain so far that any one has suc-

ceeded. However, several crosses have been

made with the Polish wheat, which certain writers

have supposed could not be accomplished.

In all instances when a club wheat is one of

the parents, there are striking variations, probably

because of the fact that club varieties are almost

always, or perhaps always, the direct result of a

cross of two different wheat groups and not the

result of a long series of selections. The hybrid

would, therefore, naturally break up into many
variations, showing a reversion to the characters

of original ancestors.

In many cases when one or both of the parents

is already a hybrid, there are reversions to charac-

ters of former ancestors which would be wholly

inexplicable on any other basis than the fact that

the parents themselves are hybrids.

A spelt or an emmer, when used as one of the

parents, invariably fixes emphatically its character-

istics upon the progeny.

It has been supposed that variations do not

occur to any considerable extent in the first

generation, but we have found some of our most

striking variations appearing in this genera-

tion, particularly in the case of crosses with
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fixed hybrids or with the emmer and club

groups.

Characters occasionally appear in the progeny

which cannot be traced to either parent, and yet

in cases in which neither parent is known to be a

hybrid.

Pedigree Records used in the Plant-breeding Work

of the Department of Agriculture.

By Herbert J. Webber.

In all of the work of breeding pursued by this

office, the individual parents are followed in prac-

tically every case, unless it be pure selection work,

where the following of the male parent is not very

important. In all cases, however, the female

parent is fully recorded and described.

Numbering the plants. — The records in each

crop are kept separate. Under each crop there

is maintained a continuous series of what is

termed " Series Numbers," or " Experiment Num-
bers." For example, Series No. 1 may be hybrids

of Constellation sea-island cotton, with pollen of

Klondike Upland ; and all of the hybrids of this

combination are placed under Series No. 1. Series

No. 2 may be hybrids of Truitt with pollen of Texas

Wood cotton ; and all of the hybrids of this com-

bination will be placed under Series 2. Series 3

may be a straight selection of Truitt, and all of
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the selections of Truitt made under a given con-

dition are given the No. 3.

In the case of a hybrid, as in Series No. 1

mentioned, a certain boll on a given plant may be

crossed with pollen from one individual, while

another boll on the same plant may be crossed

with pollen from a different individual. It is

thus necessary in keeping the record of the hybrids

to have a method of designating each individual

fruit or boll crossed. The different crossed bolls

in this case would be numbered 1 A, 1 B, to 1 Z.

The letters of the alphabet are usually sufficient

to cover the number of crosses made of a certain

kind. When the progeny of these different bolls

are grown and the first generation of hybrids are

produced, these hybrids are numbered as follows :

The hybrids produced from capsule 1 A are num-
bered 1 A 1, 1 A 2, 1 A 3, etc. Owing to the

necessity of keeping the records within certain

space, numbers are assigned only to those hybrids

which are actually selected, so that in case of a

large number of hybrids, only a few numbers

would actually be preserved, although records

would be preserved of the general variations in

all of the hybrids produced.

When a second generation is grown from the

above first generation of hybrids, the individuals

of the second generation would be numbered as

follows : Those grown from 1 A 1 would be
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numbered 1 A 1-1, 1A1-2, 1 A 1-3, etc., and

those from 1 A 2 would be 1 A 2-1, 1 A 2-2, 1 A 2-3,

etc.

This method illustrates the system of number-

ing all hybrids in the third, fourth, and succeeding

generations, the members of the different genera-

tions being separated by a dash, as in the above

instance, so that in the case of any combination a

glance will show whether or not it is a hybrid and

what generation the hybrid is in. In Series 2

before indicated, the numbering Avould be in ac-

cordance with the same rule, i.e. 2 A, 2 B, 2 C, etc.,

for the different crossed capsules, and 2 A 1, 2 A 2,

2 A 3, and 2 B 1, 2 B 2, 2 B 3, etc., for the individual

hybrids of the first generation.

In the case of Series 3, which is a straight

selection, there is not the necessity of using the

letter, as the experiment starts with the selection

of a certain number of individuals. The individ-

uals which are first selected would thus be num-

bered 3-1, 3-2, 3-3, 3-4, etc., the first number being

the number of the series and the second number
the number of the individual plants first selected.

When these selections are grown in a second

generation, they are designated as follows: 3-1-1,

3-1-2, 3-1-3, and 3-2-1, 3-2-2, and 3-2-3, etc. It will

be noticed by comparing Series 3 with Series 1

and 2 that the numbers used for selections differ

only from those used for hybrids in leaving out the
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letter, which marks the individual capsules which

are crossed in the case of Series 1. The use of this

system of numbering allows the filing of record

cards according to the series number and the

number of the generation, so that they may be

found with the greatest ease.

Blanks used in keeping records. — The records of

all hybrids and selections are made on loose sheets,

which are filed either in books or in a card-index

case. A special sheet is expected to be used for the

record of each plant which is selected. The sheet

has a blank form for the description of the plant and

for the description of the progeny which it pro-

duces. Plant-breeding Form No. 1 (sample on page

315) is the introductory sheet to a series of hybrids.

All introductory sheets are of thick paper and blue

in color. The introductory sheets for selections

are of similar form and color (see sample, page 316).

On these introductory sheets is to be put, in the

case of the hybrids, the description of the female

and male varieties, and the object of the hybridiza-

tion. In the case of selections, the description of

the parent variety and object of the selection

are recorded, together with any general notes on

the plants which are grown for the selection.

In the case of hybrids, a parental sheet is used,

which corresponds to the letters used in designat-

ing the different crosses. On this salmon-colored

sheet (see sample, page 317) is given the descrip-
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tions of the individual characters of the female

parent and the individual characters of the male

parent, together with notes on the general progeny

grown from a certain boll or fruit. In the case of

selections there is no parental sheet used as the

different bolls and fruits are not kept separate.

When the individuals are grown and notes made

on them, individual white sheets are used, both in

the case of selections and hybrids. One of these

sheets for hybrids is illustrated in P. B. Form 3

(page 318), which is a blank that can be used with

hybrids of any plants, and is not specially adapted

to any particular crop. The same individual

white sheet for selections is illustrated in P. B.

Form 7 (page 319).

Whenever much work is to be done with a cer-

tain crop, it becomes necessary to have the blanks

drawn up in the form of score cards, in order that

the important characters of the breeding material

may be scored according to a statistical method.

Such cards for cotton hybrids are illustrated in

P. B. Forms 4 (salmon) and 5a (white) and P.

B. Forms 8 (blue) and 9a (white) for cotton

selections. In all of the work a regular score

card is used ; on page 328 is shown a blank yellow

score card which is used in cotton-breeding work

(P. B. Form 15). The valuation of the different

points is filled in according to the particular ideal

which the breeding is expected to develop.
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The record sheets, as mentioned above, are the

uniform size of nine and one-quarter inches long by

seven inches in width, and may be filed in any loose

file sheet. The best form which has been found for

this purpose and the one which is used in the

Department's work is the so-called " Perfect File,"

which holds the sheets firmly and at the same

time allows of a single sheet being extracted at

any point without disarranging the others.

A difficulty with the above plan has been found

in the fact that the record sheets are too large to

carry in the field, and more recently a small sheet

of the standard size of six and one-half inches long

by four inches wide has been used. These sheets

are bound in note-books, so that they may be torn

out and filed in card -index cases.

The different blank forms on the smaller sheets

are arranged exactly the same as in the case of the

larger ones described above. P. B. Forms 41, 42,

and 46 show the general forms which are used in

making the records in cotton selections (pages 330

to 332). Number 41 is white, 42 pink, and 46 blue.

It will be seen on P. B. Form 41 (page 330) that

the important characters which are to be judged

are placed on a score card in the upper part of the

sheet ; as, for example, under " Season," if a plant

is early, one would check the word " early "
; and

if a cotton which is early is scored on the basis of

ten points the score record of probably eight points
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would be inserted on the blank just below " Sea-

son." In the space marked "Length of Lint,"

one would insert the exact measurement of the

lint, as, for instance, one and one-quarter inches,

and below this point in the score line insert the

score value for this length of lint. These smaller

sheets which are put up in pocket note-books are

very much handier to use than the larger sheets ;

and so far as we can find, answer every purpose.

We are rinding it necessary continuously to

reduce the amount of notes taken, rather than

increase them. One is inclined to get a large

collection of notes, and if he is doing extensive

work is never able to correlate or utilize them.

One of the most important things for the breeder

to do is to learn to limit the notes to the factors of

importance, and avoid making notes or saving

plants indiscriminately.

[The forms reproduced on pages 315 to 319 are

necessarily shortened as to horizontal length in

order to accommodate them on a single page.]
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Introductory

Sheet.

Series No.

Female Parent , U.S.P.B. No.

Male Parent , U.S.P.B. No.

Notes
,
page Year

Experimenter

Characters of Female Variety

:

P. B. Form 1.

Characters of Male Variety

:

Object of Hybridization

:

Introductory hybrid record sheet. Blue. 9\ x 7 in.

(P. B. Form 1.)
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Selection.

Introductory

Sheet.

Series No.

Parent Variety , U. S. P. B. No.

Notes
,
page Year

Experimenter

Character of Parent Variety

:

P. B. Form 6.

Object of the Selection ;

Notes on Plants grown for Selection

(See Notes , page ):

Introductory selection sheet. Blue. 9£ x 7 in.

(P. B. Form 6.)
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Parental Sheet.

Hybrids, Series No.

Female Parent , U. S. P. B. No.

Male Parent , U. S. P. B. No.

Notes
,
page Year

Experimenter

Individual Characters of Female Parent

:

P. B. Form 2.

Individual Characters of Male Parent

Progeny Notes (See Notes , page ):

Parental sheet. Salmon. 9|x7 in. (P. B. Form 2.)
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Hybrid.

Individual

Sheet.

Parentage

Inbred Year

Experimenter..

Hybrid No....

?, x $

P. B. Form 3. Field Notes (See Notes , page )

General Notes

Progeny Notes (See Notes , page ):

Individual hybrid sheet. White. 9^x7 in. (P. B. Form 3.)
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Individual

Sheet.

Selection No.

Parent Variety , U. S. P. B. No.

Inbred Year

Experimenter

P. B. Form T. Field Notes (See Notes , page ):

General Notes

Progeny Notes (See Notes , page );

Individual selection sheet. White. 9^x7 in. (P. B. Form 7.)
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Tot ton Hybrid.

Parental Sheet.

P. B. Form 4.

Female Parent

Male Parent

Notes
,
page Year Experimenter.

Cotton Hybrids, Series No.

, U.S.P.B. No.

, U.S.P.B. No.

Individual Characters of Female Parent:

Individual Characters of Male Parent:

Progeny Notes (See Notes , page ):

Locality

Where
Grown

Date
Planted

Number
Plants

Grown

Number
Plants
Har-

vested.

Easi-
ness

Beight

Form
of

Plant

Disease
Resist-

ance

Size of

Bolls

Open
ingof
Bolls

Seed

Size

Per
cent

Smooth

Per
cent

Tufted

Lint

Length Color
Fine-

ness

Uni-

form-
ity

Strength Dnif,'

Field

of Seed
Cotton

Per

cent of

Lint

Total

Score

Parental cotton hybrid sheet. Salmon. 9£ x 7 in. (P. B. Form 4.)









Cotton Hybrid.

Individual Sheet.

P. B. Form 5 a.

Cotton Hybrid No.
Parentage £>

? x

Inbred Year Experimenter

Field Notes {See Notes , page ):

General Notes

:

Date
Planted

First

Bolls

Opened

Earliness

Height

Form
of

Plant

Disease
Resist-

ance

Weight
Ten
Bolls

Seed
Cotton

Num-
ber of

Bolls

Bolls

Size Opening

Seed

Smooth
or

Tufted

Size by
Weight

Cover-

ing

Lint

Length Color
Fine-

ness

Uni-
form-

ity

Strength Dra?

Yield

of Seed

Cotton

Per
cent of

Lint

Total

Score

Progeny Notes {See Notes , page ):

Locality

Where
Grown

Date
Planted

Number
Plants
Grown

Number
Plants
Har-

vested.

Earli-

ness

Height

Form
of

Plant

Disease
Resist-

ance

Size of
Bolls

Open-
ing of

Bolls

Seed

Size

Per
cent

Smooth

Per
cent

Tufted

Lint

Length Color
Fine-

ness

Uni-
form-
ity

Strength Dra?

Yield

of Seed
Cotton

Per
cent oi'

Lint

Total

Score

Individual cotton hybrid sheet. White. 9} x 7 in. (P. B. Form 5 a.)









Cotton Selection.

Introductory Sheet.

P. B. Form 8.

Parent Variety

Notes
,
page Year Experimenter

Cotton Series No.

, U. S.P. B. No.

Characters of Parent Variety

;

Object of the Selection

:

Notes on Plants Grown for Selection (See Notes , page .-) :

Locality
Where
Grown

Date
Planted

Number
Seeds

Planted

Number
Plants
Grown

Number
Plants
Har-
vested

Height

Disease
Resist-

ance

Opening
of Bolls

Seed

Size

Per
cent

Smooth

Per
cent

Tufted

Lint

Length
Fine-

ness

Uni-

form-

ity

Strength Drutf

\ i.l.l Pm
ni Seed I'l'iit of

Cotton Lint

Total

Boom

Introductory cotton selection sheet. Blue. 9\ x 7 in. (P. B. Fo









Cotton Selection.

Individual Sheet.

P. B. Form 9 a.

Parent Variety

Inbred

Cotton Selection No.

, U.S. P. B, No.

. Year. Experimenter

Field Notes {See Notes
, page v

General Notes

Date
Planted

First

Bolls

Opened

Earliness

Height

Form
of

Plant

Disease
Resist-

ance

Weight
Ten
Bolls

Seed
Cotton

Num-
ber of

Bolls

Bolls

Size Opening

Seed

Smooth

Tufted

Size by
Weight

Cover-
ing

Lint

Length Color
Fine

ueu

i ni

fortu-

ity

Strength

1 i.-i.i

Of BMd
Drug Cotton

Per
Cl'lll (>('

Lint

Total
Si ore

Progeny Notes {See Notes , page ):

Locality

Where
Grown

Date
Planted

Number
Plants

Grown

Number
Plants
Har-

vested.

Earli-

ness

Height

Form
of

Plant

Disease
Resist-

ance

Size of

Bolls

Open-
ing of

Bolls

Seed

Size

Per
cent

Smooth

Per
cent

Tufted

Lint

Length Color
Fine-

ness

Uni-

form-

ity

Strength Drag

Yield

of Seed
Cotton

Per
(•••nt of

Lint

Total
Score

Individual cotton selection sheet. White. 94 x 7 in. (P. B. Form 9a.)









Cotton Score Card.

P. B. Form 15.

Cotton Series No.
Female Parent U. S. P. B. No
Male Parent U. S. P. B. No..

Object of Hybridization or Selection

:

Score on 100 Points

Earliness

points,

Very Early.

Early

Medium—
Late

Very Late-

Form of Plant

points.

Disease Resist-

ance

points,

Very Resistant

Resistant

Medium
Poor

Drought Resist-

ance

points.

Very Resistant

Resistant

Medium
Poor

Opening1 of

Bolls

points.

Covering of

Seed

_ _ points.

Storm Resist-

ance

points.

Very Resistant

Resistant

Medium
Poor

Size of Bolls

points,

Very Large.

Large

Medium
Small

Very Small-

Length of

Lint

points

Very Good

Good

Medium __

Poor

Excellent

Good---

Fair

Poor

inch

.

1 " -_

lx^ inches.

l 8

1 3 "
*!§

11 "
*4

15 "

13 "

1* "

15 "
l S

13 "
J J
17 "

2 "
-

oi "

2| " -

2| "
-

91 "

Color of

Lint

points,

Fineness

— points,

Uniformity

points.

Strength

points

Drag

_ points.

Yield

-points.

Very Fine

Fine

Medium--

Coarse

Excellent

-

Good

Fair

Poor

Very Strong

-

Strong

Medium
Weak

Very Strong -

Strong

Medium
Medium Weak

Weak

Excellent

Good
Medium

Light Medium

Light

Per cent of

Lint

points.

39 + per cent

3T-38 per cent

35-36 per cent

33-34 per cent

31-32 per cent

29-30 per cent

27-28 per cent

25-20 per cent

23-24 per cent

21-22 per cent

19-20 per cent

points,

points.

Cotton score card. Yellow. 0J x 7 in. (P. B. Form 15.)





LECTURE VI.

POLLINATION; OR HOW TO CROSS PLANTS.

1. The Structure of the Flower.

Pollination is the act of conveying pollen from

the anther to the stigma. It is the manual part

of the crossing of plants. The word fertilization

is often used in a like sense, although erroneously

;

for it is the office of the pollen, not of the opera-

tor, to fertilize or fecundate that part of the flower

which is to develop into a seed.

The chief requirement in pollinating flowers is

to know the parts of the flower itself. The con-

Fig. 1. - Bell-flower.

spicuous or showy part of the flower is the envelope,

which is endlessly modified in size, form, and color.

331
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This envelope protects the inner or essential organs,

and it also attracts insects, which often perform the

labor of pollination. This floral envelope is usu-

ally of two series or parts,—an outer and commonly
green series known as the calyx, and an inner

and generally more showy series known as the

corolla. These two se-

ries are well shown in

the bell-flower, Fig. 1.

The calyx, with its re-

flexed lobes, is at C.

and the large bell-form

portion is the corolla.

When the calyx is com-

posed of separate parts

or leaves, each part is

called a sepal; in like

manner each separate

part of the corolla is

a petal. In the lily,

Fig. 2, there is no dis-

tinction between calyx

and corolla ; or, it may
be said, the calyx is wanting. These envelopes

of the flower are often much disguised. This is

particularly true in the orchids, one of which, a

lady-slipper, is illustrated in Fig. 3. The sepals

are seen at DD. They are apparently only two,

but there is reason to believe that the lower sepal

Fig. 2.— Flower of white lily.
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is really made up of a union of two. The three

inner leaves are the petals, the lower one, H,

being enlarged into the sac or slipper.

The most important organs of the flower, how-

ever, to one who wishes to make crosses, are the

so-called sexual organs, the stamens and pistils.

They can be readily

distinguished in the

lily, Fig. 2. The
six bodies shown at

S are the ends of

the stamens, or so-

called male organs.

These stamens gen-

erally have a stalk

or stem, known as a

filament, and the en-

larged tip as the

anther. It is in this

anther that the pol-

len is borne. The
pollen is generally

made up of very mi-

nute yellow or brown-

ish grains, although

it is sometimes in the form of a more or less glu-

tinous or adhesive mass, as in the milk-weeds and
orchids. The irritating dust which falls from the

corn tassels at the later cultivatings is the pollen.

Fig. 3.— Flower of greenhouse

cypripediurn.
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The pistil, or so-called female organ, is shown at

OP, Fig. 2. The enlarged portion at O is the

ovary, which will develop into the seed-pod. The

stigma, or the enlarged and roughened part which

receives the pollen, is at P. Between these two

parts is the slender style, a portion which is absent

in many flowers.

The stamens and pistils are known as the essen-

tial organs of the flower, for, whilst the calyx and

corolla may be entirely absent, either one or both

of these organs is present ; and these are the parts

which are directly concerned in the reproduction

of the species. Like the floral envelopes, these

essential organs are often greatly modified, so

much so that botanists are sometimes perplexed

to distinguish them from each other or from mod-

ified forms of the petals or sepals. The particu-

lar features of these organs which the plant-breeder

must be able to distinguish are the anther and the

stigma; for the anther bears the pollen, and the

stigma must receive it. In Fig. 1, the stamens

are shown at E. In the flower A, which has just

expanded, these stamens are rigid and in condition

to shed the pollen, but in the flower B, they have

shed the pollen and have collapsed. The stigma

in this case is divided into three parts, but when
the flower first opens, these parts are closed to-

gether, H in flower A, so that it is impossible

that they receive any pollen from the same flower

;



THE ESSENTIAL ORGANS. 335

when the stamens have withered, however, as in

B, the stigma, H, spreads open and is ready to

Fig. 4.— Flower of night-blooming cereus.

receive any pollen which may be brought to it by

insects or other agencies. In this case, the ovary



336 POLLINATION.

or young seed-pod, which is in the bottom of the

flower, is not shown in the engraving.

Some of the particular forms of essential organs

are well illustrated in the accompanying photo-

graphs. In the night-blooming cereus, Fig. 4,

the many-rayed stigma is shown just below the

Fig. 5. —Flower of the shrubby hibiscus (Hibiscus Syriacus).

centre of the mouth of the flower, and the nu-

merous stamens are arranged in a circular manner

outside of it. The many petals and numerous

spreading sepals are also well shown. The hibis-

cus, Fig. 5, has a central column with the anthers

hanging upon it, and a large stigma raised beyond
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Fig. 6.— Bugbane (Cimicifuga

racemosa).

them. The wild bugbane,

or cimicifuga, is seen in

Fig. 6, natural size. Here

is a long spike or cluster

of flowers. At the top

are the unopened buds, in

the centre the expanded

flowers with the floral

envelopes fallen away,—
the fringe-like stamens

very prominent, — and

below are seen the pis-

tils, the stamens having

fallen. These pistils will

now ripen into pods, but

the tip-like stigma may
still be seen on them.

The stamens and the long

protruding style, tipped

with its stigma, are also

shown in the fuchsia,

Fig. 15. The essential

organs of orchids are cu-

riously disguised. They

are combined into a sin-

gle body. In the lady-

slipper, Fig. 3, the lip-like

stigma is shown at P.

Upon either side, at its



338 POLLINATION.

base, is an anther S. Projecting over the stigma

is a greenish ladle-like body, T, which is a trans-

formed and sterile anther. In all lady-slippers,

these organs are essentially the same as in the

drawing, although they vary much in size and

shape ; but in most other orchids, the two side

anthers, S, are wholly wanting, and the terminal

organ, T, is a pollen-bearing anther. In numer-

ous plants, there are many distinct pistils in each

flower. Such is the case in the strawberry, where

each little yellow "seed" on the ripened berry

represents a pistil ; and the blackberry and the

raspberry, where each little grain or drupelet of

the fruit stands for the same organ. A flowering

raspberry is illustrated natural size in Fig. 7, for

the purpose of showing the ring of many anthers

near the centre of the flower, inside of which, in

the very centre, is a little head of pistils.

It frequently occurs that the stamens and pistils

are borne in different flowers, rather than together

in the same flower as they are in the examples

which we have studied. In these cases the flower

is said to be staminate, or male or sterile, in one

case, and pistillate, female or fertile, in the other

case. If these two kinds of flowers are borne

together upon the same plant, as in pumpkins,

melons, cucumbers, chestnuts, oaks, and begonias,

the plant is said to be monoecious ; but if the stami-

nate and pistillate flowers are on entirely different
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plants,, as in willows and poplars, the plant is dioe-

cious. The two kinds of squash flowers are

shown in Fig. 8. The pistillate flower is on

the left, and it is at once distinguished by the

ovary or little squash beloAV the colored portion,

Fig. 7.— Blossom of flowering raspberry (Rubus odoratus).

or corolla of the flower. The lobed stigma is

seen in the centre. The stanimate flower is on

the right. It has a longer stem, no ovary, and the

anthers are united into a conspicuous cone in the

centre. The flowers expand early in the morning.

Insects carry pollen to the pistillate flower, which
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then begins to set its fruit, whilst the staminate

flower dies. The flowers of the common wild

clematis are shown in Fig. 9. Upon the right

Fig. 8.— Squash flowers of each sex.

are the sterile flowers, which are wholly stami-

nate. On the left, the flowers with larger sepals

— the petals are absent— have a cone of pistils in
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the centre, and a few short and sterile stamens

spreading from the base of the cone. These dif-

ferent flowers are borne on different plants in this

species of clematis, and the plants are therefore

practically dioecious, because the stamens of the

pistillate flowers generally bear no pollen. A sim-

ilar mixed arrangement occurs in some strawber-

Fig. 9.— Flowers of clematis (Clematis Virginiana).

ries, except that there are no purely staminate

flowers. There are purely pistillate varieties,

others, like the Crescent, with a few nearly or

quite abortive stamens at the base of the cone of

pistils, and others in which the flowers are per-

fect or hermaphrodite, that is, containing the two

sexes.
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The compositous flowers— like the asters, daisies,

goldenrods, sunflowers, dahlias, zinnias, chrysan-

themums, and their kin— need to be considered

in still a different category. In these plants, the

head, or so-called flower, is an aggregation of sev-

eral or many small flowers or florets. Each seed

in a sunflower head, for example, represents a dis-

tinct flower. Sometimes all of these flowers are

perfect,— contain the two sexes,— and sometimes

they are pistillate or staminate in different parts

of the head ; and in some cases the plants are

dioecious. In many plants of the composite fam-

ily, the flowers near the border of the head are

unlike those of the centre or disc, in having a

long ray-like corolla ; and these ray-flowers are

frequently of different form from the others in the

character of the essential organs. Very frequently

the ray-flowers are pistillate, whilst the disc-flow-

ers are generally hermaphrodite. The anthers, in

these plants, are united in a ring closely about the

style and below the stigma.

The ovary, as we have seen, ripens into the

pod, berry, or other fruit ; but it is not able to

bear seeds until it is assisted by the pollen. The
pollen falls upon the roughish or sticky surface

of the stigma, and there germinates or sends a

minute tube downwards through the style and

finally reaches the ovule, which, when fertilized,

rapidly ripens into the seed. The nature of this
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fecundation is not germane to the present subject

;

but it may be said that only one pollen grain is

necessary to the fertilization of a single ovule, but

the addition of a superabundance of pollen greatly

stimulates the growth of the fleshy or enveloping

parts of the fruit. It is important that the person

who desires to cross plants should become familar

with the stigma when it is "ripe," receptive, or

ready to receive the pollen. This condition is gen-

erally indicated by the glutinous or sticky or moist

condition of the stigma, or in those stigmas which

are not glutinous it is told by the appearing of a

distinctly roughened or papillose condition. This

receptive condition generally occurs about as soon

as the flower opens. If pollen is withheld, the

stigma will remain receptive much longer than

when fertilization has taken place,— in some flow-

ers for two or three days.

The pollen is discharged from the anther in

various ways, but it most commonly escapes

through a chink or crack in the side of the

anther. Sometimes it escapes through pores at

one end of the anther; and in other cases there

are more elaborate mechanisms to admit of its dis-

charge. In most plants, the anthers and stigma

in the same flower mature at different times, so

that close-fertilization or in-breeding is avoided.

This is well illustrated in the bell-flower, Fig. 1.

Here the anthers wither and die before the stig-
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matic lobes open. In other cases, the stigma

matures first, although this is not the usual con-

dition.

II. Manipulating the Flowers.

We are now familiar with the essential principles

in the pollination of flowers. Before a person pro-

ceeds to operate upon a flower with which he is

unfamiliar, he should carefully study its structure,

so as to be able to locate the different organs, and

to discover when the pollen and the stigma are

ready for the work.

The first and last rule in the pollinating of plants

is this : Exercise every precaution to prevent any

other pollination than that ivhich you design to give.

The anthers, therefore, must be removed from the

flower before it opens. This removal of the anthers

is known as emasculation. Just as soon as this

is done, tie up the flower securely in a bag to

protect it from foreign pollen which may be

brought by wind or insects. As soon as the

stigma is ripe, remove the bag and apply the de-

sired pollen, placing the bag on the flower again,

where it must remain until the seeds begin to

form. The stigma may be receptive the day fol-

lowing emasculation, or, perhaps, not until a week

afterwards. Much depends upon the age of the

bud when emasculation takes place. It is gener-
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ally best to delay emasculation as long as possible

and not have the flower open ; but the operator

must be sure that the anthers do not discharge or

that insects do not get into the flower before he

has emasculated it. The bud at B, in Fig. 3, is

Fig. 10.— Tobacco flowers, showing the parts of the flower, a bud

ready to be emasculated, and an emasculated subject.

nearly ready to emasculate. The older buds on

the top of the spike of bugbane, Fig. 6, are ready

to operate upon; and so is the bud seen at the

left in Fig. 7.

The manner of emasculating the flower varies
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with the operator. It is a common practice to

clip off the anthers with a pair of small scissors,

or to hook them out with a bent pin or a crochet

hook. Others use tweezers. For myself, how-

ever, I do not like any of these methods, because

the anthers are apt to drop into the bottom of the

corolla, where it is sometimes difficult to rescue

them ; and if one uses tweezers, there is always

danger that the anthers may be crushed and that

some of the pollen may adhere to the instrument

and contaminate future crosses. I therefore usu-

ally cut the corolla completely off just above the

ovary, with a pair of small, long-handled surgeon's

scissors (see Fig. 12), removing everything but

the pistil. The operation is explained in Fig. 10,

which shows the tobacco flower. The flower at

the left shows the pin-head stigma in the centre of

the throat, and the five anthers surrounding it.

The second flower is spread open for the purpose

of showing these organs. The third figure is a

bud in the right condition for operation. The

right-hand figure shows this bud cut around with

the points of the scissors, leaving only the pistil.

The line at W, in Fig. 2, shows where the flower

of the lily might be cut off. The manner of oper-

ating upon a compositous flower is shown in the

picture of the zinnia, Fig. 11. In this plant the

outer florets of the head are pistillate, whilst those

of the disc are perfect. It is only necessary,



EMASCULATING. 347

therefore, to remove the central stamen-bearing

flowers before any of them open, and to cover the

flower up before any of the pistils near the border

Fig. 11.— Zinnia flowers ; the upper head ready for emasculation,

the lower one showing the operation performed.

have protruded themselves. The upper head in

Fig. 11 shows the untreated sample, whilst the

lower one shows the same with the cone of central
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flowers pulled out. This treated head should now

be covered, to await the maturing of the stigmas.

In many compositous plants, however, the case is

not so simple as this, because all the flowers are

perfect. In such cases, nearly all the florets should

be removed from the head, and a few remaining

ones emasculated in essentially the same manner

as described for the tobacco, Fig. 10. Whenever

flowers are borne in clusters, nearly all of them

should be removed and the attention confined to

only two or three of them. One is then more cer-

tain of getting seeds to set. In some cases, like

the apple cluster, only one or two flowers of any

cluster ever set fruit, and the operator should then

choose the two or three strongest and most prom-

ising buds, and cut all the. others off.

Flowers which bear no stamens, as the pistillate

flowers of squashes, strawberries, and many other

plants, of course do not require emasculating.

They should be tied up while in bud, however, to

prevent the access of any foreign pollen. Indian

corn is a case in point. The pistillate flowers are

on the ear, each kernel of corn representing a single

flower. The silks are the stigmas. If it is desired

to cross corn, therefore, the ear should be covered

before any silks are protruded, and the pollen should

be applied some days later, when the silks are full

grown. The staminate or male flowers are in the

tassel.
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The pollen should be derived from a flower

which has also been protected from wind and in-

Fig. 12.— Instruments used in pollinating flowers, natural size.

Pin scalpel, scissors, lens.
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sects, because foreign pollen may have been

dropped upon an anther by an insect visitor and it

may be unknowingly transferred by the operator.

The pollen-bearing parent needs no operation, of

course, but the flower should have been tied up

in a bag when it was in bud. The pollen is best

obtained by picking off a ripe anther and crush-

ing it upon the thumb-nail. Then it is trans-

ferred to the stigma by a tiny scalpel made by

hammering out the small end of a pin, as shown,

full size, at the left in Fig. 12. The stigma

should be entirely covered with the pollen, if pos-

sible. It is often advised to use a camel's hair

Fig. 13. — Ladle for pollinating house tomatoes.

brush to transfer the pollen, but much of the

pollen sticks amongst the hairs of the brush and

is ready to contaminate a future cross ; and where

the pollen is scarce it cannot be conserved to

advantage by a brush. In some cases the pollen

is discharged so freely that the anther may be

rubbed upon the stigma, or even shaken over it,

but in most instances it will be necessary to actu-

ally place the pollen upon the stigma with some

hard instrument. When pollinating house-grown

melons and cucumbers, the staminate flower is

broken off, the corolla stripped back, and the
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anther-cone inserted into the pistillate flower,

where it is allowed to remain until it dries and

falls away. In pollinating house tomatoes, an

implement shown in Fig. 13, one-third size, is

used. This is simply a watch-glass, T, secured

to a handle. When the house

is dry, at midday, the watch-

glass is held under the flowers,

which are tapped, and the pol-

len falls into the glass. The
glass is then held up under

another flower until the stigma

rests in the pollen. It should

be said, however, that this pol-

lination of tomatoes is for the

purpose of making the fruit

set in the absence of insects,

j not to effect a cross. If the

Uf^L^^^JST latter purpose were the object

sought, the flowers which are

°li \i !?
orcov

" to bear the seeds would need
enng the flowers.

to be emasculated.

Sometimes it is impossible to secure the pollen

at the time the stigma is ready. In some cases

of this kind, the intended parents can be grown
under glass so as to bring them into bloom at the

same time. In other cases, it is necessary to keep

the pollen for some time. The length of time

that pollen will keep varies with the species and
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probably also with the strength and vigor of the

plant which bears it. As a rule, it will not keep

more than a week or two, and, in general, it may

Fig. 15.— Fuchsias, showing the stamens and pistils, and a hud
ready to he emasculated.

be said that the^ fresher it is the better it may be

expected to act. It is best kept in dry and tight
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paper bags, such as are used for covering the

flowers.

Something more should be said about the bags

which are used for covering the flowers. After

having tried every kind which is recommended,

I rind grocer's manilla bags much the most satis-

factory. For most flowers the four-ounce size is

the handiest. When the bags are still flat, as

Fig. 10.— Fuchsia flower emasculated.

they come from the packages, a hole is made

through the two overlapping folds near the open-

ing, and a string is passed through it and then

tied at one of the folds, as shown in Fig. 14.

The bag is then ready for use. Before it is put

on the flower, the lower end of it is dipped in

water to soften it so that it can be puckered

tightly about the stem and thereby prevent the
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entrance of any in-
'

sect. A bag is pnt

upon the seed-bear-

ing flower when

emasculation is per-

formed, and upon

the intended pol-

len parent when

the flower is still

in bud. The bag

may be removed

from the emascu-

lated flower from

time to time to ex-

amine the stigma,

and again when

the pollen is ap-

plied ; but it should

not be taken off

permanently until

the pod or fruit

begins to grow.

By way of re-

capitulation, let us

consider the cross-

ing of a fuchsia

flower. In Fig. 15

two flowers are shown in full bloom, with the long

style and the eight shorter stamens. The single

Fig. 17.— Fuchsia flower tied up after

emasculation.
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bud is just the right age to emasculate. We
therefore cut off the two floivers and emasculate

the bud, as in Fig. 16. The pollen of another

flower is applied and the bag is tied on, as seen in

Fig. 17. The best label is a small merchandise

tag, and this records the staminate parent and

the date.

It will be seen that in the operation of emascu-

lating the fuchsia flower we cut off the sepals as

Fig. 18.— Tomato and quince, showing how the sepals were cut off

in emasculating.

well as the petals. In some plants the calyx

adheres to the full-grown fruit, as on the apple,

pear, cpince, gooseberry, or persists at the base

of the fruit, as in the tomato, pea, raspberry. In

these fruits, therefore, the cutting away of the

calyx leaves an indelible mark which at once dis-

tinguishes the fruits which have been crossed,
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even if the labels are lost. In Fig. 18 a tomato

and quince are shown which are thus marked.

All the foregoing remarks do not apply to the

crossing of ferns, lycopods, and the like, because

these plants have no floAvers ; yet cross-fertiliza-

tion may take place in them. When the spores

Fig. 19.— Pollinating kit.

of these flowerless plants are sown, a thin green

tissue, or prothallus, appears and spreads over the

ground. In this tissue the separate sex-organs

appear, and after fecundation takes place, the

fern, as we commonly understand it, springs forth.

Thereafter, this fern lives an asexual life and
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produces spores year after year ; but it is only in

this primitive prothallic stage that fertilization

takes place, once in the lifetime of the plant. If

these plants are to be crossed, the only procedure

open to the gardener is to sow the spores of the

intended parents together in the hope that a nat

ural mixing may take place. There are various

well-authenticated fern hybrids.

The pollination of flowers is such a simple work
that few implements are required for its easy

performance. Great care is more important than

Fig. 20. — Pollinating kit.

any number of tools. Every one who expects to

cross plants should provide himself with the three

instruments shown in Fig. 12,— a pin scalpel,

sharp-pointed scissors, and a large hand-lens. If

one contemplates much experimenting in this

direction, however, it is economy of time to have

some sort of a box in which there are compart-

ments for the various necessities. These various

compartments suggest at once whatever accesso-

ries are wanting, and they hold a sufficient supply
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for several hundred operations. There should be

a compartment for bags, string, lens, scissors, and

pencils, tags, note-book, and the like. Figs. 19

and 20 show a convenient case for an experimenter,

and one which I have used with satisfaction for

several years. This kit is twelve inches long,

nine inches wide, and three inches deep.

* * -K-

Since the above advice was written, much has

been said on the subject of methods of pollination.

Some of the literature is mentioned in the bibli-

ography at the end of the book. The reader

should consult Charles P. Hartley, "Injurious

Effects of Premature Pollination," Bulletin 22,

Bureau of Plant Industry, United States De-

partment of Agriculture, 1902,
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1. The Flower.
Anther. — That part of the stamen which bears the pol-

len. It is the uppermost extremity of the stamen.

Calyx.— The outer series of floral envelopes, usually

green. The various separate parts of the calyx are

sepals.

Corolla.— The inner series of floral envelopes, usually

colored and forming the showy part of the flower. If

it is divided into separate parts, these are called petals.

Essential organs. — The stamens and pistils.

Female.— Said of flowers which have only pistils or the

seed-bearing part, or of plants which bear only such

flowers ; applied also to the pistils in any flower.

Filament.— The stalk or stem of a stamen, bearing the

anther.

Floral envelopes.— The calyx and corolla.

Male.— Said of flowers which bear only stamens, or of

plants which have only staminate flowers ; also applied

to the stamens or pollen-bearing organs of flowers.

Ovary.— The lowest part of the pistil, containing the

ovules. It is the most thickened portion of the pistil,

and it may stand either below or above the petals.

The ovary ripens into the fruit.

Ovule.— A body in the ovary which ripens into a seed.

Pet'-al.— The separate parts or leaves of the corolla.

Pistil.— The seed-bearing organ of the flower. It always

comprises two parts, the ovary— which becomes the

pod or fruit— and the stigma. Usually there is a

359
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style connecting the two. Often called the fertile or

female organ.

Pistillate.— Said of a plant or flower that has only pistils

or seed-bearing organs.

Pollen.— The contents of the anther, capable of fertil-

izing the forming ovules. It is usually composed of

minute yellow or brown grains or spores.

Se'-pal.— The separate portions or leaves of the calyx.

Spore.— A reproductive body, sometimes asexual, by

means of which "flowerless plants" propagate; also

pollen-grains and embryo-sacs.

Stamen.— The pollen-bearing organ of the flower. Often

called the male or sterile organ. Its essential part is

the anther. The stalk, when present, is called the

filament.

Staminate.— Said of a plant or flower that bears only

stamens or pollen-bearing organs.

Stigma.— The top end of the pistil, where the pollen

lodges and germinates. It is usually a somewhat ex-

panded surface, and is roughened, or sticky, or moist

when ready to receive the pollen.

Style.— The more or less slender portion of the pistil

which lies between the stigma and ovary. The pol-

len-tubes pass through it in reaching the ovary.

2. Crossing.

Bigener; bigeneric-hybrid.— A hybrid between species of

different genera.

Bigeneric half-breed.— The product of a cross betweeu

varieties of species of different genera.

Close-fertilization ; self-fertilization.— The action of pollen

upon the pistil of the same flower.

Close-pollination ; self-pollination.— The transfer of pollen

to a pistil of the same flower.

Cross.— The offspring of any two flowers which have

been cross-fertilized.
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Cross-breed : half-breed ; mongrel.— A cross between varie-

ties of the same species.

Cross-fertilization.— The action of pollen npon the pistil

of another flower of the same species.

Crossing.— The operation or practice of cross-pollinating.

Cross-pollination. — The conveyance of pollen to the

stigma of another flower.

Derivative- or derivation-hybrid ; secondary-hybrid. — A hy-

brid between hybrids, or between a hybrid and one of

its parents.

Fertilization ; fecundation ; impregnation.— The action of

the pollen upon the forming ovules.

Half-hybrid.— The product of a cross between a species

and a variety of another species.

Hybrid.— The offspring of crossed plants of different

species. (See page 284.)

Hybridism ; hybridity.— The state, quality, or condition

of being a hybrid.

Hybridization.— The state or condition of being hybrid-

ized, or the process or act of hybridizing.

Hybridizing.— The operation or practice of crossing be-

tween species.

Individual cross.— The offspring of two crossed flowers

on the same plant.

Individual fertilization. — Fertilization between flowers

upon the same plant.

Mongrel.— A cross.

Mule.— A sterile (seedless) hybrid.

Pollination. — The conveyance of pollen from the anther

to the stigma (page 252).

The term cross is used to denote the offspring of any

sexual union between plants, whether of different

species or varieties, or even different flowers upon the

same plant. It is a general term. And the word is
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also sometimes used to denote the operation of pei«

forming or bringing about the sexual union. There

are different kinds of crosses. One of these is the

hybrid. A hybrid is a cross between two species, as a

plum and a peach, or a raspberry and a blackberry.

There has lately been some objection urged against

this term, because it is often impossible to define the

limitations of species,— to tell where one species ends

and another begins. And it is a fact that this diffi-

culty exists, for plants which some botanists regard as

mere varieties others regard as distinct species. But

the term hybrid is no more inaccurate than the term

species, upon which it rests ; and, so long as men talk

about species, so long have we an equal right to talk

about hybrids. Here, as everywhere, terms are mere

conveniences, and they seldom express the whole truth.

The word hybrid is used in the above sense in this

book, with the exception of the new matter now
contained in Lecture IV., in which the newer concep-

tion is explained. For an explanation of this change

in definition, see pages 153, 154.

3. Classification.

Break.— A radical departure from the type. Ordinarily

used in the sense of sport, but in its larger meaning it

refers to the permanent appearance of apparently new
or very pronounced characters in a species.

Bud-variation.— Variation or departure from a type

through the agency of buds (pages 28, 191).

Bud-variety.— A variety resulting from bud-variation.

Bud-sport.

Family (Order in botany.)—A group of genera and

species; as Cupuliferoz, the Oak Family, Rosacea, the

Rose Family.

Form.— A minor variety, usually transient, produced by

some local environment.



GLOSSARY. 363

Genus (plural, genera). — A group or kind comprising a

greater or less number of closely related species; as

Acer, the maples, Fragaria, the strawberries.

Mutation. — A term proposed by De Vries to desig-

nate the "leaps" or "jumps" whereby species are

thought to originate. More definite and specific than
" sport." (See Lecture IV.)

Race.— A fixed cultural variety ; that is, a cultural va-

riety which reproduces itself more or less uniformly
from seeds.

Seedling.— A plant growing directly from seed, without

the intervention of grafts, layers, or cuttings.

Seed-variation. — Variation or departure from a type

through the agency of seeds.

Seed-variety.— A variety resulting from seed-variation.

Species (plural also species).— A term used to designate

a group of individuals of sufficient distinctness and

definiteness to be used as a unit in classification. It

is an indefinite term, differently used by different

authors. The species-group does not necessarily rep-

resent an entity in nature.

Sport.— A variety or variation which appears suddenly

and unaccountably, either from seeds or buds; some-

times, but unnecessarily, restricted to varieties origi-

nating from buds, as in this book.

Stock. — The parentage of a particular strain or variety.

Strain.— A sub-variety, or individuals of a variety, which

has been improved and bred under known conditions.

Variation.— 1. The act or condition of varying or be-

coming modified. 2. A transient variety, more or less

incapable of being fixed or rendered permanent.

Variety.— A form or series of forms of a species marked

by characters of less permanence or less importance

than are the species themselves.

Wilding.— A wild individual from a cultivated species.





BIBLIOGRAPHY.

Following is a list of miscellaneous references to writ-

ings on subjects related to plant-breeding. It is not intended

to be either complete or comprehensive ; but it is sufficient

to give the beginning student a fair conception of the range

and extent of the literature, and it will enable him to select

writings on specific questions that he may be studying. It

has purposely been confined largely to horticultural writings.

The literature of cross-fertilization (or cross-pollination)

itself— the means by which flowers are pollinated— has

been omitted. Those who desire a bibliography of this

subject should consult d'Arcy Thompson's list in Mueller's

" Fertilization of Flowers."

In the present list I have included many references to the

subject of the immediate influence of pollen, although mak-

ing no special effort to collect such entries.

The proofs have been examined by G. Harold Powell and

H. J. Webber of the United States Department of Agriculture,

and by W. M. Hays of the University of Minnesota, and

others, who have added references. It has not been possible

to verify all the added titles.

1724. Dudley, P. An Observation on Indian Corn. Trans.

Roy. Phil. Soc. vi. (2), 204-205.

1745. Cooke, Benj. Concerning the Effect which the Farina

of the Blossoms of different sorts of Apple trees had on the

fruit of a neighboring Tree. Trans. Roy. Phil. Soc. ix. 169.

365



366 BIBLIOGRAPHY.

1748. Cooke, Benj. On a mixed Breed of Apples, from the

Mixture of the Farina. Trans. Royal Phil. Soc. ix. 599.

1749. Cooke, Benj. On the Effects of the Mixture of the

Farina of Apple trees ; and of the Mayze or Indian Corn,

etc. Trans. Royal Phil. Soc. ix. 685.

1761. Koelreuter, Joseph Gottlieb. Vorlaufige Nachricht

von einigen das Geschlecht der Pflanzen betreffenden

Versuchen und Beobachtungen. 50 pp. Leipzig. Con-

tinued in 1763, 1764, and 1766. [Republished in 1893 as

No. 41 in Ostwald's " Klassiker der Exakten Wissen-

schaften." Berlin.]

1793. Sprengel, Christian Konrad. Das entdeckte Geheim-

niss der Natur im Bau und in der Befruchtung der

Blumen. 444 pp. 25 tab. Berlin.

1806. Knight, Thomas Andrew. Observations on the

Means of Producing New and Early Fruits. Trans.

Royal Hort. Soc. i. 30. Reprinted in Physiological

and Horticultural Papers of Thomas Andrew Knight,

172.

1809. Knight, Thomas Andrew. On the Comparative In-

fluence of Male and Female Parents on their Offspring.

Trans. Royal Phil. Soc. 1809, pt. i. 392 ; Phys. and Hort.

Papers, 343.

1814. Knight, Thomas Andrew. An Account of two New
Varieties of Cherry. Trans. Royal Hort. Soc. ii. 137.

1816. Knight, Thomas Andrew. An Account of three New
Peaches. Trans. Royal Hort. Soc. ii. 214.

1817. Knight, Thomas Andrew. An Account of a Peach

tree produced from the Seed of the Almond tree, with

some Observations on the Origin of the Peach tree.

Trans. Royal Hort. Soc. iii. 1.

1818. Herbert, W. Instructions for the Treatment of the

Amaryllis longiflora, as a hardy Aquatic, with some

Observations on the Production of Hybrid Plants, and



BIBLIOGRAPHY. 3G7

the Treatment of the Bulbs of the Genera Crinum and

Amaryllis. Trans. Royal Hort. Soc. iii. 187.

1818. Knight, Thomas Andrew. Upon the Variations of

the Red Currant when propagated by Seed [Crosses of

white and red currants]. Trans. Royal Hort. Soc. iii. 86.

1818. Knight, Thomas Andrew. Upon the Variations of

the Scarlet Strawberry (Frugaria Virginiana) when propa-

gated by Seeds. Trans. Royal Hort. Soc. iii. 207.

1818. Knight, Thomas Andrew. Description of a New
Seedling Plum. Trans. Royal Hort. Soc. iii. 214.

1818. Sabine, Joseph. Observations on, and Account of,

the Species and Varieties of the Genus Dahlia; with In-

structions for their Cultivation and Treatment [Refers

to Experiments in Crossing]. Trans. Royal Hort. Soc
iii. 217.

1818. Van Mons, Jean Baptiste. Substance of a Memoir
on the Cultivation and Variation of Brussels Sprouts.

Trans. Royal Hort. Soc. iii. 197.

1819. Anderson, David. Account of a New Melon, with a

Description of the Method by which it was obtained.

Trans. Royal Hort. Soc. iv. 318.

1819. Herbert, W. On the Production of Hybrid Vege-

tables; with the Result of many Experiments made in

the Investigation of the Subject. Trans. Royal Hort.

Soc. iv. 15.

1820. Sabine, Joseph. Account of a Newly Produced Hy-

brid Passiflora. Trans. Royal Hort. Soc. iv. 258; also

v. 70 (1822).

1820. Turner, John. Observations on the Accidental Inter-

mixture of Character of Certain Fruits. Trans. Royal

Hort. Soc. v. 63.

1821. Gowen, Robt. On the Production of a Hybrid Ama-
ryllis. Trans. Royal Hort. Soc. iv. 498.

1821. Guillemin et Dumas. Observations sur l'hybridite



368 BIBLIOGRAPHY.

des Plantes en General et particulierement sur celle de

quelques Gentianes alpines. Mem. Soc. Nat. Hist. Paris,

i. 79-92.

1821. Knight, Thomas Andrew. Observations on Hybrids.

Trans. Royal Hort. Soc. iv. 367 ; Phys. and Hort. Papers,

251.

1822. Goss, John. On the Variation in the Color of Peas,

occasioned by Cross Impregnation. Trans. Royal Hort.

Soc. v. 234.

1823. Gowen, Robt. Description of Amaryllis psittacina-

Johnsotii, a New Hybrid Variety raised by William

Griffin, Esq., and recently flowered in the Collection at

Highclere. Trans. Royal Hort. Soc. v. 361.

1823. Gowen, Robt. On a Hybrid Amaryllis produced be-

tween Amaryllis vittata and Amaryllis regina-vittata.

Trans. Royal Hort. Soc. v. 390.

1823. Knight, Thomas Andrew. An Account of some

Mule Plants. Trans. Royal Hort. Soc. v. 292 ; Phys. and

Hort. Papers, 275.

1823. Knight, Thomas Andrew. Some Remarks on the

Supposed Influence of the Pollen, in Cross-Breeding, upon

the Color of the Seed-Coats of Plants, and the Qualities

of their Fruits. Trans. Royal Hort. Soc. v. 377 ; Phys.

and Hort. Papers, 278.

1823. Knight, Thomas Andrew. An Account of a New
Variety of Plum, Called the Downton Imperatrice.

Trans. Royal Hort. Soc. v. 381.

1823. Lindley, John. A Notice of Certain Seedling Varie-

ties of Amaryllis, presented to the Society by the Hon.

and Rev. William Herbert, in 1820, which flowered in

the Society's Garden in February, 1823. Trans. Royal

Hort. Soc. v. 337.

1824. Knight, Thomas Andrew. Observations upon the

Effects of Age upon Fruit Trees of Different Kinds; with



BIBLIOGRAPHY. 369

an Account of some New Varieties of Nectarines. Trans.

Royal Hort. Soc. v. 384.

1826. Sageret, Augustin. Considerations sur la production

des hybrides, des variantes et des varietes en general, et

sur celle de la famille des Cucurbitacees en particular.

Ann. Sci. des Nat. Bot. viii. 294-314.

1826. Wiegmann, A. F. Ueber Bastarderzeugung im Pflan-

zenreiche.

1827. Hamelin, Baron. On the Hybrids Obtained by

Baron Melazzo and others. Annales de la Soc. d'Hort.

de Paris, i. No. 2, Oct. Abstr. in Gar. Mag. iii. 443.

1828. Sweet, R. The Permanency of Hybrids. Gar. Mag.

iv. 182.

1830. Gowen. Hybrid Azaleas. Edward's Bot. Reg. 1830,

No. viii. 1365, Vol. iv. 1407. Abstr. in Gar. Mag. vii. 62,

471.

1830. Newman, Jno. The Influence of Parent on Off-

spring. Gar. Mag. vi. 499.

1831. Hybrid Rhododendron. Brit. Flower Garden, No.

xxiii. n. s. 91. Abstr. in Gar. Mag. vii. 341.

1831. Hybrid Rhododendrons. Edward's Bot. Reg. iv.

1413. Abstr. in Gar. Mag. vii. 205.

1831. Lindley, John. Various Notes on Hybridization, in

"A Guide to the Orchard and Kitchen-Garden. London,

1831." Abstr. in Gar. Mag. vii. 579.

1831. Potentilla Russelliana. Bot. Garden, No. lxxvi. 304.

Abstr. in Gar. Mag. vii. 343.

1831. Remarks on Hybrids. Florists' Guide, No. xliv. 174.

Abstr. in Gar. Mag. vii. 205.

1831. Saunders, Wm. Hybrid Rhododendron. Gar. Mag.

vii. 135.

1832. Dutrochet. The Sterility of Hybrid Plants. Gar.

Mag. viii. 500.

1832. Graham, Dr. Hybrid Poppies. Gar. Mag. viii. 355.



370 BIBLIOGRAPHY.

1832. Henslow, J. S. On the Examination of a Hybrid

Digitalis. Gar. Mag. viii. 208. Extract from pamphlet.

1832. J. C. K. Hardihood of Hybrid Melons. Gar. Mag.

viii. 52.

1832. Mallet, Robert. Hybrid Melons. Gar. Mag. vii. 87.

1832. Oliver, J. A Hybrid of the Cucumber with the

Maltese Melon. Gar. Mag. viii. 611.

1832. Wimmer, C. F. H. Ueber einen Bastard aus der

Gattung Digitalis. Breslau Schles. Gesell. Uebersicht,

61-62 ; also 1835, 85.

1835-6. Van Mons, Jean Baptiste. Arbres Fruitiers ou

Pomologie Beige Experimental et Raisonnee. 2 vols. 12°.

Louvain.

1837. (Editorial.) Cabbage and Horse-Radish . Hovey's

Mag. Hort. iii. 351.

1837. Herbert, W. Amaryllidacese, with a Treatise upon

Cross-bred Vegetables. London.

1841. Knight, Thomas Andrew. A Selection from the

Physiological and Horticultural Papers published in the

Transactions of the Royal and Horticultural Societies,

by the late Thomas Andrew Knight. To which is added

a sketch of his life. 379 pp. London.

1841. Wimmer, C. F. H. Ueber 6 Weidenbastarde. Bres-

lau Schles. Gesell. Uebersicht, 93-94.

1843. Wimmer, C. F. H. Ueber die Hybriditat im Pflan-

zenreiche. Breslau Schles. Gesell. Uebersicht, 208-209.

1844. (Editorial.) Hybridizing. Gar. Chron. 1844, 459.

1844. Gaertner, Karl Friedrich. Beitrage zur Kenntniss

der Befruchtung. 644 pp. Stuttgart.

1844. Godron, D. A. En l'hybridite dans les vegetaux. 22

pp. Xancy.

1845. L. Hybrids in Turnips. Gar. Chron. 1845, 173.

1845. Lecoq, H. Fecondation naturelle et artificiel du

vegetaux. Paris. Second edition, 1862.



BIBLIOGRAPHY. 371

1845. O. Hybrid between a Yellow Picotee and a Red
Picotee. Gar. Chron. 1845, 363.

1847. Herbert, W. On Hybridization amongst Vegetables.

Journ. London Hort. Soc. ii. 1, 81.

1847. Morton, S. G. Hybrid Plants. Am. Journ. Sci. and
Arts, 2 ser. iii. 209.

1847. Wimmer, C. F. H. Ueber die Hybriditat der Weiden.

Breslau Schles. Gesell. Uebersicht, 124-131.

1847-8. Regel, E. Ueber Varietaten und Bastarde im
Pflanzenreiche. Mittheil. Zurich, i. Heft 2, 69-71.

1848. Loiseleur-Deslongchamp. Observations sur les plantes

dont les fleurs paraissent de refuser a l'Hybridation. Rev.

Hort. 3 ser. ii. 149.

1848. Mackenzie, G. S. An Account of Some Hybrid

Melons. Journ. London Hort. Soc. iii. 299.

1849. Gaertner, Karl Friedrich. Versuche und Beobach-

tungen liber die Bastarderzeugung in Pflanzenreich.

791 pp. Stuttgart.

1849. Laherard, Jerome. Raisin precoce Malingre. Rev.

Hort. 3 ser. iii. 444.

1849. Pepin. Hybrides des Abutilon striatum et venosum.

Rev. Hort. 3 ser. iii. 46.

1849. Wimmer, C. F. H. Uebersicht der bisher bekannt

gewordenen Bastarde von Salix. Breslau Schles. Gesell.

Uebersicht, 87-93.

1850. Berkeley, M. J. Gaertner's Observations upon Muling

among Plants. Journ. Hort. Soc. v. 156; vi. 1 (1851).

1850. Naudin, C. Hybridation des Orchidees. Rev. Hort.

3 ser. iv. 9.

1850. Standish and Noble. A Chapter in History of Hy-

brid Rhododendrons. Journ. London Hort. Soc. v. 271.

1851. Decaisne, J. Hybridation. Rev. Hort. 3 ser. v. 62.

1852. Rousselon and others. Sur l'Hybridation. Ann.

d'Hort. de Paris, xliii. 35.



372 BIBLIOGRAPHY.

1852. Weddell, H. A. Description d'un cas remarqueble

d'hybridite, entre des Orchide'es de genres differents.

Ann. des Sci. Nat. Bot. 3 ser. xviii. 5.

1853. Grenier, Ch. De l'hybridite et de quelques hybrides

en particulier. Ann. des Sci. Nat. Bot. 3 ser. xix. 140.

1853. Malbranche, M. A. De l'Origine des Especes en

Botanique, et de l'Apparition des Plantes sur le Globe.

1853. Morren, C. La Fecondation des Cereales. Liege.

1853. Yilmorin, de. The Formation of Races, Varieties

and Hybrids in Vegetables. Gard. Jour. (Communicated

by A. Henfrey, F.R.S.). Review in Mag. of Hort. 19

(1853), pp. 314-316.

1853. Wimmer, C. F. H. Wild-Wachsende Bastardpflan-

zen, hauptsachlich im Schlesien beobachtet. Breslau

Schles. Gesell. Denkschr. 143-182.

1854. Klotzsch, J. F. Ueber die Nutzanwendung der

Pflanzen-Bastarde und Mischlinge. Berlin. Bericht.

pp. 535-562.

1855. (Editorial.) Hybrids Exhibited at the Horticultural

Society. Gar. Chron. 1855, 451.

1855. Godron, D. A. De la Fecondation des iEgilops par

les Triticum. Nancy.

1855. Klotzsch. Sur l'Utilite des Hybrides. Rev. Hort.

4 ser. iv. 342.

1855. Naudin, C. Hybridation des Cucurbitacees. Rev.

Hort. 4 ser. iv. 64.

1855. Naudin, C. Reflexions sur l'Hybridation dans les

Vegetaux. Rev. Hort. 4 ser. iv. 351.

1855. Regel, E. Zur iEgilops Frage. Bot. Zeit. xiii. 569-

573.

1856. Godron, D. A. De 1'iEgilops triticoides et de ses

differentes Formes. (Memoir Acad. Stanislas), Nancy.

1856. Gray, Asa. Review of Hooker and Thomson's Flora

Indica, in which Hybridization is discussed in its re-



BIBLIOGRAPHY. 373

lation to Variability. Am. Journ. Sci. and Arts, 2 ser.

xxi. 135 ; reprinted in Scientific Papers of Asa Gray, i.

62.

1856. Naudin, C. Nouvelles recherches sur les characteres

specifiques et les varietes des plantes du genre Cucurbita.

Ann. des Sci. Nat. Bot. 4 ser. vi. 5. Review by Asa Gray

in Am. Journ. Sci. and Arts, 2 ser. xxiv. 440 ; reprinted

in Scientific Papers of Asa Gray, i. 83.

1856. Radlkofer, L. Befruchtung der Phanerogamen.

Leipzig.

1856. Kegel, E. Der Bastard zwischen JEgilops ovata and

Triticum vulgare. Bonplandia, iv. 243-246.

1856. Sanrey, J. De l'Hybridation. Rev. Hort. 4 ser. v.

223.

1857. Regel, E. Ueber Parthenogenesis und Pflanzen Bas-

tarde. Bonplandia, v. 302-305.

1857. Vilmorin, L. de, and J. Groenland. Note sur

l'Hybridation du Genre iEgilops. Rev. Hort 193.

1858. Gray, Asa. Action of Foreign Pollen upon the Fruit.

Am. Journ. Sci. and Arts, 2 ser. xxv. 122.

1858. Regel, E. Hybridation des Begonia rubrovenia et

xanthina. Gartenflora, Jan. 1858. Ext. in Ann. d'Hort.

de Paris, iv. 442.

1859. (Editorial.) A Leguminous Hybrid. Gar. Chron.

1859, 71.

1859. Darwin, Charles. Chapter on Hybridism (ix.) in

" Origin of Species."

1859. Saulget, G. du. Resultats de l'Hybridation du Cactus

(Epiphyllum) Ackermanni. Ann. d'Hort. de Paris, v.

394.

1859. Stange, F. E. Hybrides et formes diverses obtenus

par la Fecondation de differents Begonia entre eux.

Hamburger Garten- und Blumen-zeitung. March, 1859.

Reviewed in Ann. d'Hort. de Paris, v. 295.



374 BIBLIOGRAPHY.

1859. Vilmorin,L. de. Notices sur l'Amelioration des plantes

par le semis et Considerations sur l'Heredite dans les

Vegetaux. Paris. Review by Asa Gray in Am. Journ.

Sci. and Arts, 2 ser. xxvii. 440 ; reprinted in Scientific

Papers of Asa Gray, i. 109.

1860. Wylie, Dr. Hybridizing the Peach with the Plum.

Gar. Month, ii. 231.

1861. Anderson-Henry, I. Variegation, Cross-Breeding and

Muling of Plants. Journ. Hort. xxvii. o. s. 41.

1861. Beaton, D. Cross-Breeding and Hybridizing. Journ.

Hort. xxvii. 237.

1861 . Beaton, D. Facts and Opinions, Past and Present, rela-

tive to Cross-Breeding Plants. Journ. Hort. xxvii. o. s. 289.

1861. Beaton, D. Phenomena in the Cross-Breeding of

Plants. Journ. Hort. xxvi. o. s. 112.

1861. Brent, B. P. Cross-Breeding Sweet-Peas. Journ.

Hort. xxvi. o. s. 160.

1861. Carrie re, E. A. Quelques mots sur les Hybrides. Rev.

Hort. 47.

1861. Darwin, Chas. Cross-Breeding in Plants. Journ.

Hort. xxvi. o. s. 151.

1861. Naudin,C. Sur les plantes Hybrides. Rev. Hort. 396.

1861. Smith, Wm. Hybridizing Mangle's Silver-Bedding

Geranium. Journ. Hort. xxvii. o. s. 195.

1861. Wimmer, C. F. H. Ueber Weiden-Bastarde und

iiber Salix grandifiora. Breslau Schles. Gesell. Jahresb.

xxxix. 100-101.

1862. Beaton, D. Progress of Cross-Breeding among
Florists' Flowers. Journ. Hort. xxvii. o. s. 309.

1862. Caspary, Robt. Ein Bastard von Digitalis purpurea

und lutea. Schrift. Phys. Okon. Gesell. Konigsb. iii.

139-146.

1862. Goeze, Emmanuel. Hybridation du Poa aquatica et

du Clyceria fluitans. Rev. Hort. 375.



BIBLIOGRAPHY. 375

1862. Lecoq. See 1845.

1863. Anderson, J. On Orchid Cultivation, Cross-Breeding

and Hybridizing. Journ. Hort. 206.

1863. Brongniart, Decaisne, Tulasne, Moquin-Tandon, and

Ducharte. Rapport sur la question de FHybridite dans

les Vegetaux, mise an Concours par l'Academie des

Sciences en 1861. Ann. des Sci. Nat. Bot. 4 ser. xix. 125.

See also Ann. d'Hort. de Paris, ix. 56.

1863. Godron, D. A. Des hybrides Vegetaux considered

au point de vue de leur fecondite et de la perpetuite ou

non-perpetuite de leurs caracteres. Ann. des Sci. Nat.

Bot. 4 ser. xix. 135.

1863. Godron, D. A. Recherches experimentales sur

l'hybridite dans le regne vegetal. 76 pp. Nancy.

1863. Naudin, C. Nouvelles recherches sur l'hybridite

dans les vegetaux. Ann. des Sci. Nat. Bot. 4 ser. xix. 180.

1864-6. Mares, Henri. De la fecondation des fleurs steriles

de la Vigne. Mem. Acad. Sci. Montpellier, vi. pp. 40-42.

1865. Bentham, George. Anniversary Address to the Lin-

nsean Society. Journ. Linn. Soc. viii. pp. xi.-xxiii.

1865. Carriere, E. A. Production et Fixation des varietes

dans les vegetaux. 72 pp. Paris.

1865. Dey. Lettres sur la fecondation artificielle des

plantes. Vesoul.

1865. (Editorial.) Is the Quality of Fruit Changed by

Hybridizing? Gar. Month, vii. 304; vol. viii. 144.

1865. Gray, Asa. Spontaneous Return of Hybrid Plants

to their Parental Forms [Note upon the essays of Naudin

and Godron]. Am. Journ. Sci. and Arts, 2 ser. xxxix.

107.

1865. McNabb. Will Pines Hybridize? Gar. Month, vii.

318.

1865. Mendel, G. Versuche iiber Pflanzen-Hybriden. Briinn

Verhandl. iv. 3-47.



376 BIBLIOGRAPHY.

1865. M. J. B. Variation in Hybrids. Gar. Chron. 1865,

601.

1865. N'ageli, Karl. Die Bastardbildung im Pflanzenreiche.

Sitzungsber. der Kbngl-bayer. Akad. der Wissensch. zu

Miinchen, ii. 395-443.

1865. Sagot. De l'etat sauvage et des resultat de la culture

et de la domestication. Nantes, 1865.

1865. Scott, John. Notes on the Sterility and Hybridiza-

tion of Certain Species of Passiflora, Disemma, and Tac-

sonia. Journ. Linn. Soc. Bot. viii. pp. 197-206.

1865. Verlot, J. B. Sur la production des Varietes.

102 pp. Paris.

1865. Wichura, Max. Die Bastard-befruchtung im Pflan-

zenreich erlautert an den Bastarden der Weiden. 95 pp.

2 tab. Breslau.

1866. Godron, D. A. Nouvelles recherches sur PHybridite

dans le regne vegetal. 40 pp. Nancy.

1866. Neumann, L. Phenomene d'hybridation observe

dans le genre Mathiola. Rev. Hort. 286.

1866. Standish,J. Hybridizing Fruits. Gar. Chron. 1866,

109. Also Gar. Month, ix. 284.

1866. Stayman, J. Is the Quality of Fruit Changed by

Hybridization? Gar. Month, viii. 101.

1867. Anderson-Henry, I. The Hybridization of Plants.

Gar. Month, ix, 379.

1867. Anderson-Henry, I. On Pure Hybridization, or

Crossing Distinct Species of Plants. Gar. Chron. 1867,

1296, 1313.

1867. Braun, A. Rejuvenescence, Especially in Mosses

and Ferns. Gar. Month, ix. 147.

1867. Crucknell, Chas. Does Hybridizing Change the Fruit

as well as its Progeny? Gar. Month, ix. 165.

1867. (Editorial.) Hybridization. Gar. Chron. 1867, 403.

1867. Hildebrand, F. Die Geschlechtsvertheilung bei den



BIBLIOGRAPHY. 377

Pflanzen und das Gesetz der Vermiedenen und unvortheil-

haften stetigen Selbstbefruchtung. 92 pp., 62 fig.

1867. Mares, H., and J. Planchon. Sur la floraison et la

fructification de le vigne. Comp. Rend. lxiv. pp. 254-259.

Translation in Ann. and Mag. Nat. Hist. 3 ser. xix.

pp. 220-224.

1867. N'ageli, K. Intermediate Forms in Plants. Gar.

Chron. 1867, 405.

1867. R. D. Hybrid Tropseolums. Gar. Chron. 1867, 906.

1867. Rivers, Thos. Hybridizing and Cross-Breeding. Gar.

Chron. 1867, 516.

1867. Stelzner. The Hybridization of Ferns. Gar. Month,

ix. 60.

1868. Darwin, Chas. Chapters xv.-xix. of "Variation of

Animals and Plants under Domestication."

1868. (Editorial.) Hybrid Coleuses. Gar. Chron. 1868,

1210.

1868. Hildebrand, F. Ueber die Einfluss des fremden

Pollens auf die Beschaffenheit der durch ihn erzeugten

Frucht. Leipzig.

1868. Moore, Jacob. Grape Hybrids. Gar. Month, x. 240.

1868. St. Pierre, M. G. de. Hybridization of the Gourd.

Gar. Chron. 1868, 681.

1868. Tidey, A. Effect of Cross-Impregnation on Seeds.

Journ. Hort. xxxix. o. s. 199.

1868. T. M. New Hybrids of Coleus. Gar. Chron. 1868,

376.

1868. Wylie, A. P. Hybrid Grapes. Gar. Month, x. 153.

1869. Darwin, Chas. On the Character and Hybrid-like

Nature of the Offspring from the Illegitimate Unions of

Dimorphic and Trimorphic Plants. Journ. Linn. Soc.

Bot. x. pp. 393-437.

1869. Darwin, Chas. On the Specific Differences be-

tween Primula veris, P. vulgaris, and P. elatior ; and on



378 BIBLIOGRAPHY.

the Hybrid Nature of the Common Oxlip. With Supple-

mentary Remarks on Naturally-produced Hybrids in the

Genus Verbascum. Journ. Linn. Soc. Bot. x. pp. 437—454.

1869. Mendel, G. Ueber einige aus Kunstlicher Befruch-

tung Gewonnenen Hieracium-Bastarde. Briinn Ver-

handl. viii. 26-31.

1869. Wilder, Marshall P. Remarks on Hybridization.

Gar. Month, xi. 3.

1870. Anderson-Henry, I. Imperfect Hybridity. Gar.

Chron. 1870, 1634 ; Journ. Hort. xliv. 493.

1870. Higbee, C. H. Hybrid Grapes. Gar. Month, xii. 205.

1870. Meehan, Thos. Cross-Fertilization and the Law of

Sex in Euphorbia. Gar. Month, xii. 262.

1871. Anderson-Henry. I. Hybridism vs. Mimicry. Gar.

Chron. 1871, 10.

1871. Campbell, G. W. Grape Seedlings and Hybrids.

Gar. Month, xiii. 80.

1871. Kerner, A. Koennen aus Bastarden Arten werden ?

Vienna.

1871. Maximowicz. Einfluss fremden Pollens. Bull, de

l'Academie Imperiale des Sciences de St. Petersbourg.

See entry on p. 301.

1871. Saporta et Marion. Observations sur un Hybride

spontane du Terebinthe et du Lentisque. Paris.

1871. Wylie, A. P. Curious Results of Hybridization on

Pollen. Gar. Month, xiii. 123.

1872. Anderson-Henry, I. Hybridism vs. Mimicry. Gar.

Chron. 1872, 671.

1872. Anderson-Henry, I. On Pure Hybridization, or

Crossing Distinct Species of Plants. Garden, i. 480, 506,

521, 574.

1872. Blomberg, A. Om Hybridbildning hos Phanero-

gamae. Stockholm.

1872. Carriere, E. A. Des Hybrides. Rev. Hort. 51.



BIBLIOGRAPHY. 379

1872. Denny, J. The Relative Influence of Parentage in

Cross-Breeding. Gar. ii. 15.

1872. Denny, J. The Influence of Parent on Offspring.

Gar. Chron. 1872, 1263.

1872. (Editorial.) The Influence of Parentage on the Off-

spring. Gar. Chron. 1872, 1321.

1872. (Editorial.) Hereditary Transmission. Gar. Chron.

1872, 1224.

1872. Grieve, P. Hybridization. The Relative Influence

of Parentage in Flowering Plants (Pelargonium). Gar.

Chron. 1872, 1103.

1872. Laxton, Thomas. Notes on Some Changes and Va-

riations in the Offspring of Cross-Fertilized Peas. Journ.

Roy. Hort. Soc. new ser. iii. pp. 10-13.

1872. Maximowicz, C. J. Einfluss fremden Pollens auf die

Form der erzeugten Frucht. Bull, de l'Acad. Imper. des

Sci. St. Petersbourg, viii. 422.

1872. Moore, Jacob. Immediate Effect on Hybridized

Corn. Gar. Month, xiv. 218.

1872. Pearson, J. W. The Relative Influence of Parentage

in Cross-Breeding. Gar. ii. 51.

1872. Wylie, A. P. Experiments in Hybridization, Espe-

cially with Peaches and Nectarines. Gar. Month, xiv.

302.

1873. Anderson-Henry, I. Imperfect Hybridity. Journ.

Hort. xlix. o. s. 185.

1873. Arnold, C. Immediate Effects of Cross-Fertilization.

Gar. Month, xv. 104.

1873. (Editorial.) New Hybrid Rose. Floral Mag. 1873,

No. 14 n. s.

1873. Jordan, A. Remarques sur le fait de Fexistence en

societe, a l'etat sauvage des especes vegetales affines, et

sur d'Autres faits relatifs a la question de l'espece.

French Assoc. Adv. Sci. Lyons, 1873.



380 BIBLIOGRAPHY.

1873. Meehan, T. Influence of Pollen in Cross-Fertiliza-

tion. Phila. Acad. Sci. 1873, pp. 16, 17.

1873. Saunders, W. Hybrid Raspberries. Gar. Month,

xv. 314.

1873. T. Hybridization on Indian Corn. Gar. iv. 10.

1873. Temlin, L. J. Hybridization and Cross-Fertiliza-

tion. Gar. Month, xv. 302.

1873. Wilder, Marshall P. Hybridization. Gar. Chron.

1873, 575.

1874. Arnold. Influence of Parent on Offspring. Gar.

v. 222.

1874. (Editorial.) Hybridation et fecondation pratiquees

par M. Rivers. Rev. Hort. 182.

1874. (Editorial.) New Blandfordias. Floral Mag. 1874,

No. 32 n. s.

1874. (Editorial.) New Variety of Amaryllis. Floral

Mag. 1874, No. 31 n. s.

1874. Experiments in Hybridizing. Journ. Hort. li. o. s.

442.

1874. Gray, Asa. Do Varieties Wear Out? New York

Tribune, Semi-Weekly ed. Dec. 8, 1874; reprinted in

Am. Journ. Sci. and Arts, 3 ser. ix. 109, and in Scientific

Papers of Asa Gray, ii. 174, and Darwiniana, chapter

xii.

1874. Hallett, F. F., of Manor Farm, Kemptown, Eng.

Improvement of Wheat by Selection. Rep. U. S. Com-

missioner of Agric. p. 260.

1875. Barron, A. F. Hybridization of the Monukka and

Black Hamburgh Grapes. Gar. vii. 19.

1875. Cox, E. W. Heredity and Hybridism. A Sugges-

tion. London.

1875. Devansaye, A. de la. Fecondation et Hybridation

des Aroidees. Bull. Soc. Hort. Maine-et-Loire, 223 ; FL

des Serres, xxii. 37-47.



BIBLIOGRAPHY. 381

1875. (Editorial.)

No. 48 n. s.

1875. (Editorial.)

n. s. 167.

1875. (Editorial.)

1875. (Editorial.)

A New Hybrid Lily. Floral Mag. 1875,

A Hybrid Tacsonia. Gar. Chron. iv.

Hybrid Fern. Gar. Month, xvii. 330.

Variation in Hybrid Plants. Gar.

Chron. iv. n. s. 748.

1875. Grieve, P. Results of Hybridization, Especially in

Pelargoniums. Gar. Chron. iv. n. s. 711.

1875. Koch, Karl. Hybrid Aroids. Gar. Chron. iv. n. s.

398.

1875. Lowe, E. J. Hybrid Pelargoniums. Gar. Chron. iii.

n. s. 83, 115.

1875. Meehan, T. Are Insects any Material Aid to Plants

in Fertilization ? Proc. A. A. A. S. xxiv. 243-251 ; Gar.

Chron. iv. 327; Archiv. des Sci. Nat. lvi. pp. 294-296

(1876) ; Gar. x. 493-494 (1876).

1875. Naudin, C. Variation disordonnee des plantes hy-

brides et deductions qu'on peut en tirer. Ann. des Sci.

Nat. Bot. 6 ser. ii. 73; Comp. Rend. 1875 (2), 520, 553.

Review by Asa Gray in Am. Journ. Sci. and Arts, 3 ser.

xi. 153 ; reprinted in Scientific Papers of Asa Gray, i. 212.

1875. Parkman, Francis. A New Hybrid Lily. Gar. Chron.

iv. n. s. 237, 366. (Misspelled " Packman ").

1875. Sisley, J. Hybridization, Especially in Pelargoniums.

Gar. Chron. iv. n. s. 654.

1875. Tillery, Wm. Hybridizing Liliums. Gar. Chron. iv.

n. s. 401.

1875. Tillery, Wm. Results of Crossing the Black Mo-

nukka Grape. Gar. Chron. iii. n. s. 84.

1875. Wilson, A. S. Wheat and Rye Hybrids. Gar.

Chron. iii. n. s. 496.

1876. A. D. The Hybridization of the Potato. Gar

419.

x.



382 BIBLIOGRAPHY.

1876. Anderson-Henry, I. A Hybrid between Fuchsia vir-

gala and F. procumbens. Gar. Chron. vi. n. s. 592.

1876. B. Hybridization in Relation to Grafting. Gar.

x. 349.

1876. Bessey, C. E. Immediate Effects of Cross-Fertiliza-

tion on Fruits. Gar. Month, xviii. 23.

1876. Burbidge, F. W. Hybrids, Especially a Hybrid be-

tween the Red Cedar and the American Arbor-vitse.

Gar. Chron. v. n. s. 373.

1876. Crossed Auriculas. Floral Mag. No. 54 n. s.

1876. Darwin, Chas. The Effects of Cross and Self-

Fertilization in the Vegetable Kingdom. London. Re-

view by Asa Gray in Am. Jour. Sci. and Arts, 3 ser. xiii.

125 ; reprinted in Scientific Papers of Asa Gray, i. 217.

Review by W. J. Beal, Rep. Mich. Pom. Soc. 1877,

454.

1876. Devansaye, A. de la. Fructification des Aroidees.

Rev. Hort. 288-289.

1876. (Editorial.) A New Clematis. Floral Mag. 1876,

No. 59 n. s.

1876. (Editorial.) Hybrid Columbines. Floral Mag. 1876,

No. 60 n. s.

1876. (Editorial.) Hybrid Narcissi. Floral Mag. 1876,

No. 56 n. s.

1876. (Editorial.) Immediate Effects of Cross-Fertilization

on Fruits. Gar. Month, xviii. 23.

1876. (Editorial.) Peach and Apricot Hybrids. Gar.

Month, xviii. 214.

1876. Grieve, P. Influence of Foreign Pollen on the Prog-

eny of Plants. Gar. Chron. v. 699; vi. 49.

1876. Grieve, P. The Sterility of Hybrids. Gar. x. 67,

150.

1876. Hovey, C. M. The Sterility of Hybrids. Gar. x.

251.



BIBLIOGRAPHY. 383

1876. Meehan, T. Are Insects a Material Aid in Fertili-

zation ? Gar. x. pp. 493-494. See, also, 1875.

1876. Pasquale, G. A. Fecondita d'un Mandarino. Naples.

1876. Syme, Geo. Hybridization. Gar. Chron. v. n. s. 404.

1877. Beal, W. J. Experiments in Breeding. Rep. Mich.

Bd. Agric. 1877, 55-56.

1877. Burbidge, F. W. Pp. 87-168 of « Cultivated Plants,

their Propagation and Improvement." London.

1877. Creighton, J. H. Seedlings of Hybrid Grapes. Gar.

Month, xix. 113.

1877. (Editorial.) Hybrid Greenhouse Rhododendrons.

Floral Mag. 1877, No. 63 n. s.

1877. (Editorial.) Various Hybrids. Floral Mag. 1877,

No. 67, 71 n. s. ; 1879, No. 89 n. s.

1877. Haskell, Geo. An Account of Various Experiments

for the Production of New and Desirable Grapes. 18 pp.

Ipswich, Mass.

1877. Henslow, Geo. The Fertilization of Plants. Gar.

Chron. vii. pp. 42, 139, 203, 270, 336, 534, 560. (Review

of Darwin's Cross- and Self-Fertilization.)

1877. Meehan, Thos. Mr. Darwin on the Fertilization of

Flowers. Penn. Monthly, June.

1878. Barron, A. F. Hybridization of the Monukka and

Black Hamburg Grapes. Gar. Month, xx. 16.

1878. Beal, W. J. Cross-Breeding of Fruits. Rep. Mich.

Pom. Soc. 1878, 51.

1878. Beal, W. J. The Improvement of Grains, Fruits,

and Vegetables. Rep. Mich. Bd. Agric. 1878, 445.

1878. (Editorial.) Parentage in Hybrids. Gar. Chron. x.

n. s. 50.

1878. Heckel, Ed. Des relations que presentent les phe-

nomenes propres aux organes reproducteurs de quelques

phanerogames avec la fecondation croisee et la feconda-

tion directe. Comp. Rend. Ixxxvii. pp. 697-700.



384 BIBLIOGRAPHY.

1878. Meehan, Thos. On Hybrids in Nature (Extract).

Gar. Month, xx. 344.

1878. Parkman, Francis. Hybridization of Lilies. Bull.

Bussey Inst. ii. 161.

1878-9. Eaton, D. C. Hybrids and Hybridism, in Rep.

Conn. Bd. Agric. 34.

1879. Beal, W. J. Experiments in Cross-Breeding Plants

of the Same Variety. Am. Journ. Arts and Sci. ser. iii.

xvii. pp. 343-345.

1879. Beal, W.J. The Effect of Pollen on Corn during

the First Year. Rep. Mich. Bd. Agric. 1879, 198.

1879. (Editorial.) Deux hybrides interessantes. Rev.

Hort. 283.

1879. Henslow, Geo. On the Self-Fertilization of Plants.

Trans. Linn. Soc. Bot. 2 ser. i. Review by Asa Gray in

Am. Journ. Sci. and Arts, 2 ser. xvii. 489 ; reprinted in

Scientific Papers of Asa Gray, i. 263.

1879. Wallace, Dr. On Hybridization of Lilies, in "Notes

on Lilies and their Culture," 60-65 (2 ed. 1879). Lon-

don.

1880. Beal, W. J. Crossing Corn with Foreign Stock.

Rep. Mich. Bd. Agric. 1880, 287.

1880. (Editorial.) A Hybrid Fir. Gar. Month, xxii. 39.

1880. (Editorial.) Results of Hybridization, especially

with Regard to Pelargoniums. Gar. Chron. xiv. n. s.

391.

1880. Ernst, Dr. The Relative Degrees of Fertility of Me-

lochia paw [flora when Intercrossed. Gar. Chron. xiii. n.

s. 48.

1880. Haberlandt, G. Die Samen-production des Roth-

klees. Biedermann's Centralbl. fur Agriculturchemie,

pp. 199-201.

1880. Henslow, Geo. Self-Fertilization as a Cause of Doub-

ling. Gar. Chron. 534.



BIBLIOGRAPHY. 385

1880. Laxton, T. T. Cross-Fertilizing and Raising Roses

from Seed in England. Gar. Month, xxii. 322.

1880. Martindale, I. C. Sexual Variation in Castanea

Americana. Phil. Acad. Sci. 1880, pp. 351-353.

1880. Meehan, T. On the Laws Governing the Production

of Seed in Wistaria Sinensis. Journ. Linn. Soc. Bot.

xvii. pp. 90-92.

1880. Some Phenomena Attached to Hybridization. Floral

World, 1880, 220.

1880. Vilmorin, H. de. Essais de Croisement entre Bles

differents. Bull, de la Societe botanique de France,

xxvii. Dec.

1881. Briggs, T. R. A. On the Production of Hybrids in

the Genus Epilobium. Journ. of Botany, xix. 308.

1881. Focke, W. O. Die Pflanzenmischlinge. 569 pp.

Berlin.

1882. (Editorial.) Hybrid Orchids. Gar. Month, xxiv.

184.

1882. (Editorial.) Hybrid Nepenthes. Gar. Month, xxiv.

371.

1882. Lazenby, W. R. Improvements or Modifications of

Varieties by Crossing or Hybridizing. Rep. O. Exp.

Sta. i. 66-68.

1883. B. J. C. Effects of Cross-Fertilization on Fruit.

Gar. Month, xxv. 274.

1883. Carman, E. S. Cross-Breeding Wheat. Gar. Month,

xxv. 52.

1883. Crucknell, Chas. Hybridizing Araceous Plants. Gar.

Month, xxv. 182.

1883. Culverwell, W. A Hybrid between the Goose-

berry and the Black Currant. Gar. Chron. xix. n. s.

635.

1883. (Editorial.) A Hybrid between the Strawberry and

the Raspberry. Gar. Chron. xx. n. s. 12.



386 BIBLIOGRAPHY.

1883. (Editorial.) Hybrids. Gar. Month, xxv. 184.

1883. (Editorial.) The Hybrid Cotton Plant. Gar.

Month, xxv. 23.

1883. Lazenby, W. R. Crossing Varieties of Corn. Rep.

O. Exp. Sta. ii. 63-65.

1883. Sturtevant, E. L. Corn Hybridization. Rep. N. Y.

Exp. Sta. i. (for 1882), 54.

1884. B. T. The Fertility of Hybrids. Gar. Chron. xxii.

n. s. 406.

1884. Carman, E. S. Hybrids between Wheat and Rye.

Gar. Month, xxvi. 278.

1884. (Editorial.) A New Hybrid Pear. Gar. Month, xxvi.

142.

1884. (Editorial.) Hybrid Anthuriums. Gar. Month, xxvi.

330.

1884. (Editorial.) Hybrid Lobelias— Illustrating Fertility

of Hybrids. Gar. Month, xxvi. 356.

1884. (Editorial.) Hybrid Orchids— Illustrating Fertility

of Hybrids. Gar. Month, xxvi. 279.

1884. (Editorial.) Hybrid Sarracenias. Gar. Month, xxvi.

53.

1884. (Editorial.) Immediate Effect of Crossing on Fruit.

Gar. Month, xxvi. 305.

1884. Garfield, C. W. Influence of Pollen. Mich. Hort.

Soc. 246.

1884. Lazenby, W. R. Corn Experiments. Rep. O. Exp.

Sta. iii. 64.

1884. Meehan, Thos. Immediate Influence of Pollen on

Fruit. Proc. Phila. Acad. Nat. Sci. 297.

1884. Meehan, Thos. The Fertility of Hybrids. Gar.

Chron. xxii. n. s. 362, 394.

1884. Pearson. C. E. Results obtained from Hybridizing

Pelargoniums. Gar. Chron. xxi. n. s. 712.

1885. Arnold, Chas. Hybrid Raspberries. Am. Gar. vi. 50.



BIBLIOGRAPHY. 387

1885. Fertile Hybrids. Gar. Month, xxvii. 250.

1885. Goff, E. S. Results of Cross-Fertilization in Peas.

Rep. N. Y. Exp. Sta. iii. (for 1884), 236.

1885. Lazenby, W. R. Experiments with Corn : Cross-

Fertilization. Rep. O. Exp. Sta. iv. 31.

1885. Lazenby, W. R., T. J. Burrill, A. S. Fuller, E. Will-

iams, et al. Upon the Immediate Influence of Pollen,

especially upon the Strawberry. Proc. Am. Pom. Soc.

66 et seq.

1885. Meehan, Thos. On the Immediate Action of Pol-

len on Fruit. Rural N.-Y. June 13 and 20. See also

Gar. Month, xxvii. 86, 116, 150, 341.

1885. Munson, T. V. American Grapes [with discussion

of Hybridization]. Proc. Am. Pom. Soc. 95.

1885. Sturtevant, E. Lewis. An Observation in the Hybridi-

zation and Cross-Breeding of Plants. Am. Nat. xix. 1041.

1885. Sturtevant, E. Lewis. Hybrid Barley. Rep. N. Y.

Exp. Sta. iii. (for 1884), 81.

1885. Sturtevant, E. Lewis. Crossing in Maize. Rep. N. Y.

Exp. Sta. iii. (for 1884), 148.

1885. Veitch, H. J. The Hybridization of Orchids. Gar.

Chron. xxiii. n. s. 628; Gar. xxvii. 450.

1886. Carman, E. S. Blackberry and Raspberry Hybrids.

Rural N.-Y. 53 (Jan. 23); also 468 (July 17).

1886. Carman, E. S. Wheat-Rye Hybrids. Rural N.-Y.

Feb. 13.

1886. (Editorial.) A Hybrid Palm. Gar. Month, xxviii.

118.

1886. (Editorial.) A New Hybrid Pear. Gar. Month.

xxviii. 365.

1886. (Editorial.) Hybrid Dendrobiums. Gar. xxix.

291.

1886. (Editorial.) Hybrid Monbretias. Gar. xxx. 139.

1886. (Editorial.) Hybridizing the Potato. [An account



388 BIBLIOGRAPHY.

of Experiments made by Arthur W. Sutton, England.]

Country Gentleman, 974 (Dec. 23).

1886. (Editorial.) Immediate Effects of Crossing on

Fruit. Gar. Month, xxxviii. 148.

1886. (Editorial.) The Effects of Hybridizing in Wheat.

Gar. Chron. xxvi. n. s. 240.

1886. Goff, E. S. The Influence of Different Pollens upon

the Character of the Strawberry. Rep. N. Y. Exp. Sta.

iv. (for 1885), 227.

1886. Goff, E. S. Cross-Fertilizations. Same, p. 184.

1886. Halsted, B. D. Cross-Fertilization of Fruits [Im-

mediate Influence of Pollen]. Bull. Bot. Dept. Iowa

Agric. Coll. 37.

1886. H. G. Lcelia Batemaniana, a Hybrid between a

Cattleya and a Sophronitis. Gar. Chron. xxvi. n. s.

263.

1886. L. C. Bigeneric Hybrids. Journ. Hort. xiv. 3 ser.

127.

1886. Munson, T. V. Hybridity and its Effects. Proc.

Soc. Prom. Agric. Sci. vii. 51.

1886. Munson, T. V. Hybridization. 3 parts. Am. Gar.

vii. 42, 75, 168.

1886. Munson, T. V. Peach and Plum. Country Gentle-

man, 972 (Dec. 23).

1886. Strasburger, Dr. Eduard. Ueber fremdartige Bestau-

bung. Jahrbuch fur AViss. Botanik, xvii.

1886. Sturtevant, E. Lewis. Atavism Result of Cross-

Breeding in Lettuce. Proc. Soc. Prom. Agric. Sci. vii. 73.

1886. Sturtevant, E. Lewis. Hybridization and Cross-Breed-

ing of Plants. [Several Kitchen-Garden Vegetables.]

Am. Gar. vii. 307.

1886. Vilmorin, L. de. Notices sur 1'Amelioration des

Plantes par le semis et considerations sur PHeredite

dans les Vegetaux. Vilmorin-Andrieux et Cie., Paris.



BIBLIOGRAPHY. 389

1887. Bailey, L. H. Notes on Crossing and Hybridizing.

Bull. 31, Mich. Agric. Coll. 90.

1887. Bauer, M. A Hybrid Cypripedium. Gar. Chron. i.

3 ser. 419.

1887. Burrill, T. J. Notes on Crossing. Annual Hort.

Rep. in Rep. Bd. Trustees Univ. 111. xiv.

1887. Claypole, E. W. Secondary Results of Pollination.

Rep. U. S. Dept. Agric. 318.

1887. Crozier, A. A. Immediate Influence of Cross-Fertili-

zation upon the Fruit. Rep. U. S. Dept. Agric. 312.

1887. Crozier, A. A. Immediate Influence of Pollen.

Agric. Sci. i. 35, 227.

1887. Crozier, A. A. Influence of Cross-Fertilization on

the Fruit. Proc. Am. Pom. Soc. 21.

1887. Crozier, A. A. Some Crosses in Corn. Proc. Soc.

Prom. Agric. Sci. viii. 91.

1887. Dod, Wolley. A Hybrid between Narcissus Bulboco-

dium var. nivalis, and N. triandrus. Gar. Chron. 3 ser.

i. 358.

1887. Goff, E. S. Attempts to Obtain Potato Hybrids.

Rep. N. Y. Exp. Sta. v. (for 1886), 150.

1887. Goff, E. S. The Influence of Foreign Pollen upon

the Character of the Fruit,— Strawberry and Grape.

Rep. N. Y. Exp. Sta. v. (for 1886), 179.

1887. Goldring, F. The Flamingo Plant. (Anlhurium

Scherzerianum.) Am. Flor. ii. 466.

1887. Gulick, John Thomas. Divergent Evolution through

Cumulative Segregation. Journ. Linn. Soc. xx. (Zoology),

p. 189.

1887. H. E. Cross-Breeding of Wheat. Gar. World, iv. 6.

1887. Laxton, T. The Tendency to Heredity or Reversion

Exhibited by Plants, Especially Concerning Roses. Gar.

Chron. 3 ser. i. 387.

1887. Masters, M. T. A New Bigeneric Hybrid, the Issue



390 BIBLIOGRAPHY.

of Phaius grandifolius by Calanthe Veitchii. Gar. Chron.

3 ser. i. 45.

1887. Masters, M. T. Hybrid Lychnis. Gar. Chron. 3

ser. ii. 56, 79, 99 ; Abstr. in Pop. Gar. iii. 31.

1887. Schiffner, V. Ueber Verbascum Hybriden und einige

neue Bastarde der Verbascum pyramidalum. Bibliotheca

Botanica, Heft 3, 2 tab.

1887. Skeels, F. E. Cross-Fertilization of Curcurbits.

Agric. Sci. i. 228.

1887. Sturtevant, E. Lewis. Influence of Crossing in Corn.

Rep. N. Y. Exp. Sta. v. (for 1886), 63.

1887. Thorpe, John. Hybridizing and Cross-Fertilization.

Journ. Hort. v. 521, 569.

1887. W. H. W. C. New Potato Hybrids. Am. Gar. viii.

45.

1888. Bailey, L. H. Notes on Daturas— An Experiment

in Hybridization. Bull. 40, Mich. Exp. Sta.

1888. Beverinck, M. Experiments in Hybridizing Barley.

Acad. Sci. Holland; Nature, Aug. 2, 1888; Abstr. in

Agric. Sci. ii. 243 (1888).

1888. Burbidge, F. W. The Tendency of Hybrids to Re-

produce Themselves by Buds instead of by Seeds. Gar.

Chron. 3 ser. iii. 179.

1888. Carman, E. S. Raspberry and Blackberry Hybrids.

Rural N.-Y. Feb. 18. Note in Gar. and Forest, i.

372.

1888. Cassidy, James. Potatoes. Bull. 4, Colo. Exp. Sta.

1888. Crozier, A. A. Does the Effect of a Cross Appear in

the Fruit of the First Year ? Agric. Sci. ii. 319.

1888. Crozier, A. A. The Work in Crossing. [Immedi-

ate Influence of Pollen.] Bull. 3, Iowa Exp. Sta. 91-

92.

1888. (Editorial.) Le Phylloxera et les parasites vegetaux

vaincus par l'hybridation. Rev. Hort. 50.



BIBLIOGRAPHY. 391

Foster, M. Concerning the Supposed Tendency of

Hybrids to Reproduce by Buds to a Greater Degree than

by Seeds. Gar. Chron. 3 ser. iii. 151, 212.

Hogg, James. Origin of the Le Conte Pear. Gar.

and Forest, i. 392.

888. Hooper, David. The Hybridization of Cinchonas.

Tropical Agriculturist, viii. 6. Abstr. in Agric. Sci.

iii. 41 (1889).

888. Hoopes,J. Hybrid Aquilegias. Gar. and Forest, i. 114.

888. J. D. Experiments in Hybridization and Selection.

Gar. Mag. xxxi. 592.

888. Noble, Chas. The Dissociation of Hybrid Charac-

ters as Illustrated by Clematis Jackmani var. alba. Gar.

Chron. 3 ser. iv. 152.

888. Thorpe, John. Practical Comments on Hybridizing

and Crossing. Pop. Gar. iii. p. 103.

Tracy, W. W. Experiments in Crossing Corn, To-

matoes, and Carrots. Rep. Mich. Hort. Soc. 43.

Vilmorin, Henry L. de. Experiences de Croisement

entre des Bles Differents. 4 pp. 2 tab. Paris.

889. Bailey, L. H. Crossing of Squashes. Bull. 48, Mich.

Exp. Sta. 8.

889. Beckwith, M. H. Raspberry Hybrids. Rep. N. Y.

Exp. Sta. vii. (for 1888), 233.

889. Briggs, T. R. A. Hybrid Thistles. Journ. of Botany,

xxvii. 270.

889. "Calypso." Progress in Hybridizing Orchids. Gar.

and Forest, ii. 367.

889. Carman, E. S. Raspberry x Blackberry. Rural

N.-Y. Nov. 23.

889. Castle, Lewis. Hybrid Cactuses. Journ. Hort. xviii.

3 ser. 349.

889. (Editorial.) The Finest Hybrid Orchid. Gar. Mag.

xxxii. 286.



392 BIBLIOGRAPHY.

1889. (Editorial.) The Influence of Parentage upon Hy-
brids. Gar. Mag. xxxii. 732.

1889. Goodale, Geo. L. Hybridization. Gar. and Forest,

ii. 188.

1889. Hays, W. M. Improving Corn by Cross-Fertilization

and by Selection. Bull. 7, Minn. Exp. Sta. 27-33.

1889. Jackson, R. T. Hybridization of Gladioli. Gar. and

Forest, ii. 88.

1889. J. H. J. Hybrid of Alpine Auricula with Primula

nivea. Garden, xxxv. 375.

1889. Kellerman,W. A., and W.T. Swingle. Experiments

in Cross-Fertilization of Corn. Rep. Ivans. Exp. Sta.

i. (for 1888), 316.

1889. Speer, R. P. Experiments with Corn. Bull. 7, Iowa

Exp. Sta. 247-260.

1889. Riimker, K. Anleitung zur Getreideziichtung auf

wissenschaftlicher und praktischer Grundlage. Berlin.

1889. Vilmorin, Henry L. de. L'Heredite chez les Vegetaux.

Conferences de 1'eXposition universelle internationale de

1889.

1889. Wallace, Alfred Russell. Chapters vi. and vii. in

" Darwinism."

1890. Bailey, L. H. Experiences in Crossing Cucurbits.

Bull. xxv. Cornell Exp. Sta. 180.

1890. Carman, E. S. Crossing and Hybridizing. Proc.

Soc. Am. Florists, 87: Rural N.-Y. xlix. (1890), 568 and

583 (Aug. 30 and Sept. 6); Am. Flor. vi. 109; Abstr.

in Gar. and Forest, iii. 421, and Pop. Gar. vi. 66.

1890. Crozier, A. A. Immediate Influence of Cross-

Fertilization upon the Fruit— Strawberries. Agric. Sci.

iv. 287.

1890. Culverwell. Hybrid between the Gooseberry and

the Black Currant. Gar. Chron. 3 ser. vii. 585.

1890. Dod, C. Wolley. Sterile and Fertile Hybrids of

Hardy Plants. Gar. Chron. 3 ser. viii. 496.



BIBLIOGRAPHY. 393

1890. (Editorial.) Hybrid Firs. (Abstract of Paper by

E. Bailly.) Gar. and Forest, iii. 308.

1890. Fryer, Alfred. A New Hybrid Potamogeton of the

Fluitans Group. Journ. of Botany, xxviii. 321.

1890. Hunn, C. E. Influence of Pollen upon Strawberries.

Bull. 24 n. s., N. Y. State Exp. Sta. 329-330.

1890. Kellerman, W. A., and W. T. Swingle. Experiments

in Crossing Varieties of Corn. Rep. Kans. Exp. Sta.

ii. (for 1889), 288, 335.

1890. Kellerman, W. A., and W. T. Swingle. Crossed

Varieties of Corn, Second and Third Years. Bull. 17,

Kans. Exp. Sta.

1890. Macfarlane, J. The Microscopic Structure of Hy-

brids. Gar. Chron. 3 ser. vii. 543.

1890. Powell, E. P. What I know about Beans. Pop. Gar.

v. p. 79.

1890. Sturtevant, E. Lewis. On Seedless Fruits. Memoir
Torrey Bot. Club, May 30.

1890. Thorpe, John. Chrysanthemum Crosses. Gar. and

Forest, iii. 546.

1890. Truffaut, Geo. Les Nephenthes; leur fecondation

et leur hybridation. Hort. Beige, xvi. 78.

1890. Volxem, Jean Van. Hybridizing. Gar. Chron.

3 ser. vi. 141.

1890. Watson, W. Hybrid Hippeastrums. Gar. and

Forest, iii. 165.

1891. Allen, Jas. Hybrid between Chinodoxa and Scilla.

Gar. xxxix. 308.

1891. Allen, Wm. Seedling Strawberries. Gar. xl. 2.

1891. Arthur, J. C. A Physiological Basis for the Com-

parison of Potato Production. Proc. 12th Meeting Soc.

Prom. Agric. Sci. 11.

1891. Bailey, L. H. Crossing of Egg-Plants. Bull. 26,

CorneU Exp. Sta. 14.



394 BIBLIOGRAPHY.

1891. Bailey, L. H. Effect of Pollination upon Tomatoes.

Bull/28, Cornell Exp. Sta. 51.

1891. Bailey, L. H. Philosophy of Crossing Plants, con-

sidered in Reference to their Improvement under Culti-

vation. Rep. Mass. State Bd. of Agric. (1891).

1891. Bailey, L. H. Pollination and Crossing Cucumbers.

Bull. 31, Cornell Exp. Sta. 134, 137.

1891. Bailey, L. H. Tomato Cross. Bull. 32, Cornell Exp.

Sta. 165.

1891. Bessey, C. E. The Hybridization of Plants. Gar.

and Forest, iv. 466; Proc. Am. Pom. Soc. (1891), 26.

1891. Budd, J. L. Breeding of the Orchard and Garden

Fruits. Bull. 14, Iowa Exp. Sta. 181.

1891. Card, Fred W. Crossing Raspberries and Cucurbits.

Am. Gar. xii. 349.

1891. Carman, E. S. Wheat-Rye Hybrids. Rural N.-Y.

1. 653 (Sept. 12).

1891. Carman, E. S. Blackberry-Raspberry Hybrids. Rural

N.-Y. 1. 670 (Sept. 19).

1891. Carman, E. S. Joys and Disappointments of the

Hybridizer. Pop. Gar. vi. p. 66.

1891. Dod, C. Wolley. Aster Hybridus Nanus. Gar. xl.

580.

1891. Douglas, J. Cross-Bred Orchids. Gar. Chron. x. 396.

1891. Druery, Chas. T. Fern Hybrids and Crosses. Gar.

Mag. No. 1949, p. 138.

1891. (Editorial.) A New Hybrid Rose. Gar. and Forest,

iv. 532.

1891. Em. R. Anthurium x rotundispathum. 111. Hort.

xxxviii. 5 ser. 9.

1891. Endicott, W. E. Some Hybrid Gladioli. Gar. and

Forest, iv. 403.

1891. Engleheart, G. H. Hybrid Narcissi. Gar. Chron.

ix. 702 ; Gar. Mag. No. 1964, 367.



BIBLIOGRAPHY. 395

1891. Foussat, J. Les Gla'ieuls hybrides de M. Lemoine.

Rev. Hort. 32.

1891. Fraser, P. N. Crossing of Different Species. Gar.

Chron. ix. 565.

1891. Goff, E. S. A Breeding Experiment with Tomatoes.

Rep. Wis. Exp. Sta. (1891), 152.

1891. G. R. Hybrid Lilies. Gar. Mag. No. 1945, 86.

1891. Hansen, N. E. Crossing and Hybridizing for Fruit.

Gar. and Forest, iv. 82. (Read before Iowa State Hort.

Soc.)

1891. L. L. Vriesea cardinalis, Hybrid. 111. Hort. xxxviii.

39.

1891. Macfarlane, J. M. Anatomical Structure of Hybrids.

Journ. Hort. xxiii. 86.

1891. Macfarlane, J. M. A Comparison of the Minute

Structure of Plant Hybrids with that of their Parents,

and its Bearing on Biological Problems. Trans. Roy. Soc.

of Edinburgh, xxxvii. pt. 1, No. 14.

1891. Macfarlane, J. M. The Color, Flowering Period, and

Constitutional Vigor of Hybrids. Gar. Chron. ix. 753.

1891. Meehan, Thos. Heredity and Environment in Orig-

inating New Fruits. Proc. Am. Pom. Soc. (1891), 48.

1891. Meehan, Thos. On the Varying Character of Hybrids.

Gar. Chron. x. 109.

1891. Natural Devices for Cross-Fertilization. Pop. Sci.

News, Dec. 1891, p. 772. Reprint in Am. Gar. xii. 772.

1891. Oberswetter. Hybrid between a Crinum and Ama-
ryllis. Journ. Hort. xxiii. 347.

1891. Oberswetter. Peculiarities of Hybridism. Meehan's

Mo. i. 52.

1891. Phelps, Lyman. Effect of Cross-Fertilization as

affecting Value of Citrus Fruits. Proc. Am. Pom. Soc.

(1891), 54.

1891. Rolfe, R. A. New Orchids, Odontoglossum x Im-



396 BIBLIOGRAPHY.

schootianum. Gar. Chron. x. 758. Reprint in Gar. and

Forest, v. 77.

1891. W. D. Hybrid Auriculas. Gar. Chron. ix. 557.

1892. A. D. Hybrid Winter Greens. Gar. xli. 415.

1892. Arthur, J. C. The Potato : The Relation of Number
of Eyes on the Seed Tuber to the Product. Bull. 42,

Ind. Exp. Sta.

1892. Bagg, Richard. Hints on Hybridizing and Improve-

ment of Plants (read before Soc. of Am. Florists). Am.
Flor. viii. 60.

1892. Bailey, L. H. Behavior of Some Egg-Plant Crosses.

Bull. 49, Cornell Exp. Sta. 338.

1892. Bailey, L. H. Cross-Breeding and Hybridizing. New
York. Rural Lib. vol. i. No. 6, 44 pp. [Reprinted in the

present work.]

1892. Bailey, L. H. Crosses and Crossing of Plants. Read

at meeting of Mass. State Bd. of Agric. Condensed in

Gar. and Forest, v. 2, and Gar. Chron. xi. 235, 266, 298

;

Abstr. in Journ. Hort. xxiv. 91.

1892. Beach, S. A. The Self-Pollination of the Grape.

Gar. and Forest, v. 451.

1892. Blacknall, O. W. Propagating New Strawberries.

Gar. and Forest, v. 570.

1892. Brewer,Wm. H. Suggested Experiments in Breeding.

Read before the 6th Annual Conv. of Ass. of Am. Agric.

Coll. and Exp. Sta. Bull. 16, U. S. Dept. of Agric. 92.

1892. Burrill, T. J. Cross-Fertilizing and Hybridizing.

Sci. xx. 18.

1892. Castillon, Comte de. Hybridation artificielle. Rev.

Hort. lxiv. 541, 564.

1892. Culverwell, W. Hybrid between Black Currant and

Gooseberry. Gar. Chron. xii. 161, 277, 346.

1892. Dod, C. Wolley. Yellow Hybrid of Chrysanthemum

maximum. Gar. Chron. xii. 711.



BIBLIOGRAPHY. 397

1892. D. S. N. Plant Culture by Cross-Fertilization and
High Selection. Journ. Hort. xxiii. 235.

1892. E. J. Hybrid Pentstemons. Gar. xlii. 195.

1892. Engleheart, G. H. A Hybrid Narcissus. Gar.xli.392.

1892. Forster, O. Azalea amcena Hybrids. Gar. xlii. 156.

1892. Green, S. B. Cross-Fertilization of Grapes. Bull. 32,

Minn. Exp. Sta. 229. Reprint in E. S. R. vi. 46.

1892. Gumbleton, W. E. A New Hybrid Canna. Gar.

xlii. 539.

1892. Gumbleton, W. E. A New Hybrid Begonia— Gloire

de Lorraine. Gar. xli. 260.

1892. Gumbleton, W. E. Lathyrus odoratus hybridus. Pois

de senteur Hybrides Anglais. 111. Hort. xxxix.

1892. Hansen, N. E. Notes on Breeding of Fruits. Read

at 6th Annual Conv. of Ass. of Am. Agric. Coll. and Exp.

Sta. Bull. 16, U. S. Dept. of Agric. 162.

1892. J. C. Hardy Hybrid Gladioli. Gar. xli. 542.

1892. Krelage, Ernst H. Hybrid Gladioli. Gar. xli. 190.

1892. Lind, L. Stenandriuni x Beeckmanianum. 111.

Hort. xxxix. 121.

1892. McCluer, G. W. Corn-Crossing. Bull. 21, 111. Exp.

Sta. 82.

1892. Munson, W. M. Secondary Effects of Pollination.

Rep. Me. Exp. Sta. (1892), 29.

1892. Munson, W. M.
r
Experiments with Vegetables and

Fruits. Same, 59.

1892. O'Brien, J. Laelio-Cattleya x Phcebe. Gar. Chron.

xi. 791.

1892. Pammel, L. H. On Crossing Cucurbits. Bull. 19,

Iowa Exp. Sta. 595. Proc. of 6th Annual Conv. of Ass.

of Am. Agric. Coll. and Exp. Sta. in Bull. 16, U. S. Dept.

of Agric. 94.

1892. Piffard, B. Cross-Breeding of Carnations and Sweet

Williams. Gar. Chron. xi. 406.



398 BIBLIOGRAPHY.

1892. Powell, C. B. A Hybrid Lily. Gar. xlii. 47.

1892. R. M. G. A Good Hybrid Anthurium. Gar. and

Forest, v. 526.

1892. Rodigas, £m. Nouveaux Hybrides : Azaleodendron.

111. Hort. xxxix. 53.

1892. Senex. Hybrid Black Currant and Gooseberry. Gar.

Chron. xii. 310.

1892. Tallack, J. C. Hybrid Streptocarpi. Gar. xli. 260.

1892. Watson, W. Thunia Veitchiana x. Gar. and For-

est, v. 329.

1892. Watson, W. Hybrid Streptocarpi. Gar. xli. 124.

1893. Andre, Ed. Les Clematites Hybrides. Rev. Hort.

lxv. 376, 418.

1893. Arthur, J. C. A New Factor in the Improvement of

Crops. Agric. Sci. vii. 340.

1893. Bruno, Em. Clematite Madame Edouard Andre.

Rev. Hort. lxv. 180.

1893. Beeby, W. H. Hybrids "Sporting." Gar. Chron.

xiv. 783.

1893. Card, Fred W. Plant-Breeding. Gar. and Forest,

vi. 216.

1893. Concerning Some Results from Cross-Fertilizing

Varieties of Wheat and of Potatoes. Deutsch. landw.

Presse 20, No. 84, 873.

1893. Craig, John. Crossing and Hybridizing. 36th An-

nual Rep. of Hort. Soc. of Mo. 92.

1893. Dod, Rev. C. Wolley. The Variability in Cultivation

of Hardy Flowering Plants. Journ. Roy. Hort. Soc. xv.

pp. 217-229.

1893. Douglas, J. Hybrid Cypripediums. Gar. Mag. xxxvi.

120.

1893. (Editorial.) Experiments in the Improvement of

Useful Plants. Gar. and Forest, vi. 261.

1893. (Editorial.) Hybrids. Gar. Chron. xiii. 16.



BIBLIOGRAPHY. 399

1893. (Editorial.) Hybrid Brier Roses. Gar. and Forest,

vi. 100.

1893. (Editorial.) A New Hybrid Rose. Gar. and Forest,

vi. 331.

1893. (Editorial.) Odontoglossum hybridum. Gar. xliii.

314.

1893. F. P. Hybrid Narcissi. Gar. xliii. 300.

1893. G. H. Lord Penzance's Hybrid Sweet Briers and

Other Hybrids. Gar. xliii. 525.

1893. Grey, Robt. M. New Hybrid Cypripediums. Gar.

and Forest, vi. 105.

1893. Gumbleton, W. E. A Fine New Hybrid Clematis.

Gar. xliii. 348.

1893. Hansen, N. E. The Crossing and Hybridizing of

Fruits. Rep. Minn. State Hort. Soc. (1893), 253.

1893. Hendricks, H. Hybrid Sweet Briers. Gar. xliii.

287.

1893. H. P. Hybrid Greenhouse Rhododendrons. Gar.

xliii. 276.

1893. J. M. A Hybrid Passion Flower. Gar. xliii. 291.

1893. Latour-Marliac, B. The New Hybrid Water Lilies.

Gar. xliv. 582. Extract in Gar. Chron. xv. 103.

1893. Lequet, Ferdinand. L'Art de faire Fleurir les Plantes

par l'Hybridation. Rev. Hort. Ixv. 42, 64.

1893. Macfarlane, J. M. The Minute Structure of Plant

Hybrids. Nature, xlviii. 402. Editorial on same, Gar.

Chron. xiii. 360.

1893. Macfarlane, J. M. Hybridisation : Its Benefits and

Results to Ornamental Horticulture. Read at Soc. Am.
Florists. Am. Flor. ix. 81 ; Gar. Chron. xiv. 361,

395.

1893. Masters, M. T. Hybrid Genera. Gar. and Forest,

vi. 126.

1893. Pammel, L. H. Results of Crossing Cucurbits. Bull.



400 BIBLIOGRAPHY.

23, Iowa Exp. Sta. 906. Reviewed in Gar. Chron. xvi.

755. Trans. Iowa Hort. Soc. (1893), 320.

1893. Pammel, L. H. Experiences in Crossing Cucurbits.

Am. Gar. xiv. 459.

1893. R. D. Hybrid Sweet Briers. Gar. xliii. 46.

1893. Rendle, A. B. The Cross-Fertilization of Food

Plants. Nat. Sci. xli. No. 26, 272.

1893. Riviera. Hybridisation of the Acacia. Gar. Chron.

xiv. 240.

1893. Rolfe, R. A. Lgelio-cattleya x Albanensis. Gar.

Chron. xiv. 584.

1893. Rodigas, Em. Begonia Hybrida Varietates Novae.

111. Hort. xl. 109.

1893. Rodigas, ^m. Cypripedium x Sibyrolense. 111. Hort.

xl. 69.

1893. Ross, H. J. Sporting of Cypripediums. Gar. Chron.

xiv. 809.

1893. T. Hybrid Shrubs. Gar. xliii. 386.

1893. Valvassori, V. Lselio-cattleya x Arnoldiana. 111.

Hort. xl. 72.

1893. Vilmorin, H. L. de. The Selection of Races of Culti-

vated Plants. Gar. xliv. 234.

1893. Watson, W. The Cultivated Species of Begonia.

Journ. Roy. Hort. Soc. xv. pp. 165-184.

1893. Wrigley, O. O. Hybrid Anthurium. Gar. Chron.

xiv. 216, 275.

1894. A. Crossing Aroids. Gar. xiv. 262.

1894. Allen, C. L. Selection in its Relation to Seed Grow-

ing. In " Selection in Seed Growing, embracing Papers

read at the World's Horticultural Congress," pp. 19-26.

Published by W. Atlee Burpee & Co., Philadelphia.

1894. Bailey, L. H. The Native Dwarf Cherries. Bull. 70,

Cornell Exp. Sta. 259.

1894. Budd, J. L., and N. E. Hansen. Rose Hybrids. Bull.

22, Iowa Exp. Sta. 856.



BIBLIOGRAPHY. 401

1894. Burpee, W. Atlee. The Seedsman's Trial Grounds.

In " Selection in Seed Growing, embracing Papers read

at the World's Hort. Congress," pp. 41-48. Published by

W. Atlee Burpee & Co., Philadelphia.

1894. Card, Fred W. Some Raspberry Crosses. Gar. and

Forest, vii. 334.

1894. Cre'pin, M. Hybrid Roses. Bull. Soc. Roy. Bot. de

Belgique for 1894. Editorial in Gar. Chron. xvii. 76.

1894. C. S. S. (Sargent). A Hybrid Walnut-tree. Gar.

and Forest, vii. 436.

1894. D. A Hybrid Auricula. Journ. Hort. xxviii. 319.

1894. Daniel, L. Recherches Morphologiques et Physiolo-

giques sur la Greffe. Revue Generale de Bot. vi. 5.

1894. Daniel, Lucien . Sur quelque Applications Pratiques

de la Greffe Herbacie. Revue Generale de Bot. vi. 356.

1894. Douglas, J. Hybrid Orchids. Gar. Chron. xvi. 719.

1894. Dufour, J. I. Influence du pollen sur le fruit. II.

Influence du pollen sur d'autres organes de la plante.

Chronique Agricole, No. 1, vii.

1894. (Editorial.) Florists' Exchange. Discussion of the

Essays in " Selection in Seed Growing, embracing Papers

read at the World's Hort. Congress," pp. 37-40.

1894. (Editorial.) Improvement of Cultivated Plants. Gar.

and Forest, vii. 31.

1894. Engleheart, G. H. Hybridization in Narcissus. Gar.

Chron. xv. 505.

1894. Engleheart, G. H. Narcissus poeticus and Its Hybrids.

Gar. and Forest, vii. 387. Editorial in Gar. Chron. xv.

468.

1894. Foe'x, G. Old and New Grape Hybrids. Prog. Agr.

et Vit., ii. No. 38, 313.

1894. Galloway, B. T. The Growth of Radishes as affected

by the Size and Weight of the Seed. Agric. Sci. viii.

557.



402 BIBLIOGRAPHY.

1894. Gower, Wm. Hugh. Hybrid Cypripediums of Fairi-

eanum Section. Gar. xlvi. 110.

1894. Heideman, C. W. Classification of the Sexual Affini-

ties of Prunus Americana vars. Rep. Exp. Sta. New
Ulm, Minn. (1894), 10.

1891. K. L. D. Gladiolus Saundersi hybridus. Gar. xlvi.

116.

1894. K. L. D. Note sur l'hybridation sans croisement, ou

fausse hybridation. 28 pp. Bordeaux and Paris. [See

below.]

1894. M'Alpine, A. N. Raising New Breeds of Cereals.

Trans. Highland and Agric. Soc. of Scotland, ser. 5,

vi. pp. 133-170.

1894. Millardet, A. Hybridization without Crossing, or

False Hybridization. Mem. Soc. Sci. Phys. et Nat. Bor-

deaux, ser. 4, 4, No. 2, 317. Editorial on same, Gar.

Chron. xvi. 568.

1894. Millardet, A. The Importance of Hybrids in Re-

planting Vineyards. Compt. Rend. 119, No. 26, 1176.

1894. P. F. A. Black Currants Crossed with Red. Gar.

Chron. xv. 412.

1894. Pedersen-Bjergaard, J. Seed Growing in Denmark.

In " Selection in Seed Growing, embracing Papers read

at the World's Hort. Congress," pp. 27-32.

1894. Plantsman. Hybrid Perpetual Roses for Forcing.

Gar. and Forest, vii. 86.

1894. Rodigas, Em. Apropos d'Hybrides. 111. Hort. xli.

136.

1894. Saunders, W. Notes on Experiments in Cross-Fer-

tilization. Journ. Trans. Roy. Soc. Canada (1894), 139.

1894. Vilmorin, Henry L. de. Pedigree or Grade Races in

Horticulture. In " Selection in Seed Growing, embrac-

ing Papers read at the World's Hort. Congress," pp. 10-18.

1894. W. D. Hybrid Pinks. Journ. Hort. xxviii. 179.



BIBLIOGRAPHY. 403

1894. Webber, H. J. Results in Crossing Naval Oranges.

Proc. Fla. State Hort. Soc. p. 62.

1894. Wythes, G. Hybrid Autumn and Winter Begonias.

Gar. Chron. xvi. 498.

1895. Bailey, L. H. Plant-Breeding. Being Five Lectures

upon the Amelioration of Domestic Plants. 293 pp.

Bibliography of Cross-Breeding in 2d edition, 1902.

New York. [See Harraca, p. 346.]

1895. Bailey, L. H. Plant-Breeding. Gar. and Forest, viii.

318.

1895. Bailey, L. H. James Buckman and Plant Variation.

Transcribed in Gar. and Forest, viii. 442.

1895. Barber, C. A. Graft Hybrids. The Sugar Cane,

p. 577.

1895. Beeby,W.H. Hybrid Poppies. Gar. Chron. xvii. 776.

1895. Bohnhof, E. Dictionary of Orchid Hybrids. Con-

taining a list of all artificial and natural hybrids known
up to the 1st of January, 1895, etc. 139 pp. Paris. [Title-

pages and prefaces in French, English, and German.]

1895. Brackett, G. B. Location and Environment as

Affecting the Evolution of Fruits. Proc. Am. Pom. Soc.

(1895), 38.

1895. Britton, E. G. Hybrid among the Mosses (abstract).

Proc. Am. Ass. Adv. Sci. xliii. 292. Reprinted from Bull.

Torr. Bot. Club, xxii. 283-288.

1895. Budd, J. L., and N. E. Hansen. Some Advances in

Breeding Fruits and Shrubs. Bull. 32, Iowa Exp. Sta.

486.

1895. Burbank, Luther. How to Produce New Trees,

Fruits, and Flowers. Proc. Am. Pom. Soc. (1895), 59.

1895. Burbank, Luther. Plant-Breeding. Gar. and Forest,

viii. 349.

1895. Bush, B. F. A New Hybrid Oak in Indian Terri-

tory. Gar. and Forest, viii. 463.



404 BIBLIOGRAPHY.

1895. Bush, B. F. Hybrid Oaks in Western Missouri. Gar.

and Forest, viii. 32.

1895. Bush, B. F. Quercus Phellos x rubra. Gar. and

Forest, viii. 379.

1895. Chapman, H. J. The French List of Crosses of Cyp-

ripediums. Gar. Chron. xvii. 424.

1895. Chapman, H. J. A List of Hybrid Cattleyas. Made
up to May 1, 1895. Gar. Chron xviii. 10.

1895. Chapman, H. J. A List of Hybrid Cypripediums.

Gar. Chron. xvii. 199.

1895. Crozier, A. A. Advance in Scientific Pomology as

Affected by Work at the Experiment Stations. Proc.

Am. Pom. Soc. (1895), 183.

1895. Daniel, L. Lin Xouveau Chou Fourrager. Revue

Generale de Botanique, vii. 307.

1895. Dod, C. Wolley. Hybrid Asters. Gar. Chron. xviii.

526, 620.

1895. Dod, C. Wolley. Hybrid Poppies. Gar. Chron.

xvii. 719.

1895. (Editorial.) On Obtaining Hybrids by Grafting.

See articles by Professor Duchartre and M. Lucien Daniel

in Acad. Sci. Gar. Chron. xvii. 140.

1895. Engleheart, G. H. Natural Hybrids of Narcissus.

Gar. Chron. xvii. 591.

1895. Foote, J. A. An Amateur Hybridist. Am. Gar. xvi.

323.

1895. French Hybrid Cypripediums. Le Jardin (1895), 53;

Gar. Chron. xvii. 370.

1895. Gerard, J. X. Some New Hybrid Roses. Gar. and

Forest, viii. 118.

1895. Goff, E. S. Plant-Breeding at the Experiment Sta-

tions. Gar. and Forest, viii. 292, 349.

1895. Grey, Robt. M. List of Hybrid Cypripediums Raised

in America. Am. Gar. xvi. 118. Reprint in Gar. Chron.

xvii. 550.



BIBLIOGRAPHY. 405

1895. Hammond, E. Hybrid Cypripediums. Gar. Chron.

xvii. 274.

1895. Hansen, Geo. The Orchid Hybrids. Enumera-

tion and classification of all hybrids of orchids published

up to October 15, 1895. 257 pp. London and Berlin.

[The "First Supplement " was published with the above.

The " Seoond Supplement " was issued May 1, 1897.]

1895. Hart, J. H. A New Hybrid Egg-Plant. Gar. Chron.

xvii. 591.

1895. Henslow, Rev. Geo. Our Common Vegetables:

Their Origin, History, and Value as Foods. Journ. Roy.

Hort. Soc. xvii. pts. 3 and 4, pp. 113-127.

1895. Jack, J. G. Hybrid Birches. Gar. and Forest, viii.

243.

1895. Keller, I. A. Cross-Fertilization of Flowers by In-

sects. Proc. Phila. Acad. Sci. (1895), 555.

1895. Landreth, Burnet. Cross-Breeding of Vegetables.

Am. Gar. xvi. 166.

1895. Lansdell, J. Hybrid Poppies. Gar. Chron. xviii. 45.

1895. Leyder, J. Cross-Breeding and Selection. 3e Con-

gres Internat. d'Agr., Bruxelles, 561.

1895. Liebscher, G. The Principles and Methods of Breed-

ing Cultivated Plants. Exp. Sta. Rec. vii. 347.

1895. Martinet, M. French Hybrid Cypripediums. Le

Jardin, 1895, 53. Reprinted in Gar. Chron. xvii. 370.

1895. Mottet, S. Les Cypripedes Hybrides. Rev. Hort.

lxvii. 207.

1895. O'Brien, J. Natural Hybrid Miltonias. Gar. Chron.

xviii. 265.

1895. " Orchis." Hybrid Cypripediums. Gar. xlvi. 90.

1895. Powell, G. H. Doubling Flowers. Gar. and Forest,

viii. 448.

1895. Rodigas, fim. Un Hybride Remarquable. 111. Hort.

xlii. 300.



406 BIBLIOGRAPHY.

1895. Roy-Chevrier, J. On the Use of Hybrids in the

Restoration of the Vineyards of Jura. Prog. Agr. et Vit.

(1895), No. 38, 311.

1895. Shea, Chas. E. Raising New Varieties of Chrysan-

themums. Journ. Roy. Hort. Soc. xvii. parts 3 and 4,

pp. 128-134.

1895. Shinn, C. H. A Blackberry and Raspberry Cross.

Irr. Age (1895), No. 2, 61.

1895. Stubbs, W. C, W. R. Dodson, and M. Bird. Cross-

Fertilization of Cow-peas. Bull. 40, 2 ser. La. Exp. Sta.

1439.

1895. T. D. H. Hybrid Perpetual Roses. Japan Anemo-
nes. Gar. and Forest, viii. 487.

1895. Watson, W. Garden Hybrids. Gar. and Forest,

viii. 284.

1895. Went, Dr. F. A. C, and Gurlings, H. C. Character-

istic Qualities of Certain Varieties of Cane. The Sugar

Cane, p. 398.

1895. Wickson, E. J. California Seedling Fruits. Proc.

Am. Pom. Soc. (1895), 14.

1895. Wilks, W. Hybrid Poppies. Gar. Chron. xvii. 747.

1896. A. D. A Real Hybrid Bean. Gar. Chron. xx. 340.

1896. Bagg, Richard. Effects of Hybridization on the Car-

nation. Read at American Carnation Soc. Am. Flor.

xi. 756.

1896. Bailey, L. H. The Survival of the Unlike. A col-

lection of Evolution Essays suggested by the study of

domestic plants. 515 pp. New York. Second ed. 1897.

Third ed. 1899.

1896. Bailey, L. H. Sweet Peas. Remarks on their evolu-

tion in Bull. Ill, Cornell Univ. Exp. Sta. (See also Bull.

127.)

1896. Bailey, L. H. Pole Lima Beans. Remarks on types

and varieties in Bull. 115, Cornell Univ. Exp. Sta. (See



BIBLIOGKAPHY. 407

also Bull. 87 for remarks oil the types of dwarf Limas,

published in 1895.)

1896. Beal, W. J. Improving Grasses by Cross-Fertilization

of the Flowers, in " The Grasses of North America," i.

306. New York.

1896. Budd, J. L. Experiments with Fruits. Rep. Iowa

Exp. Sta. (1896-7), 127.

1896. Budd, J. L. Production of New Hardy Fruits by

Crossing and Hybridizing. Trans. Iowa State Hort.

Soc. 31, 260.

1896. Burberry, H. A. Hybridizing Orchids. Gar. and

Forest, x. 446.

1896. Chapman, H. J. Supplementary List of Hybrid

Orchids. Contin. from Gar. Chron. xviii. 10. Gar. Chron.

xxix. 431.

1896. Davenport, Geo. E. Aspidium cristatum X marginale.

Gar. and Forest, ix. 444.

1896. Dod, C. Wolley. Hybrid Annual Sunflowers. Gar.

Chron. xx. 340.

1896. Douglas, J. Raising Seedling Florist's Flowers.

Gar. Chron. xix. p. 550.

1896. Douglas, J. The Production of Garden Varieties in

Plants. Gar. Chron. xix. 641.

1896. Earley, Win. Double Hybrid Potentillas. Gar.

Chron. xix. 430.

1896. Eckford, Henry. The Synchronism of Variation.

Gar. Chron. xix. p. 83.

1896. (Editorial.) Hybrids. Gar. Mag. xxxix. 93, 210.

1896. Engleheart, Geo. H. Garden Hybrids of Narcissus

triandrus. Gar. 1. 42.

1896. Engleheart, Geo. H. Hybrids of Narcissus poeticus.

Gar. 1.144.

1896. Guiheneuf, D. Hybrid Tuberous-Rooted Begonias.

Gar. xlviii. 412.



408 BIBLIOGRAPHY.

1896. Harshberger, J. W. Fertile Crosses of Teosinthe

and Maize. Gar. and Forest, ix. 522.

1896. Hill, E. J. Early Experiments in Crossing Plants.

Gar. and Forest, ix. 32.

1896. Hopkinson, A. E. The Orchid Hybridist's Handbook.

1896. Hyde, E. Primula Sinensis and Hybrid. Gar.

Chron. xx. p. 790.

1896. H. P. Begonia Socotrana and Its Hybrids. Gar.

xlix. 426.

1896. Krelage, Ernest H. The Origin of Garden Gladioli.

Gar. Chron. xx. p. 701.

1896. Lucas, A. G. Improved Breeding in Plant and Ani-

mal Life. Trans. Iowa State Hort. Soc. 31, 177.

1896. Masters, M. T. Plant-Breeding. Nature, liv. 138;

Am. Gar. xvii. 674 ; Gar. Chron. xx. 527.

1896. Micheli, M. A New Hybrid Lavatera. Gar. Chron.

xx. 764.

1896. Mottet, S. Les Hybrides. Rev. Hort. lxviii. 139.

1896. Oliver, G. W. Hybridizing Nymphaeas. Gar. and

Forest, ix. 51.

1896. Penzance, Lord. Progress in Hybridization of Roses.

The Rosarian's Year Book for 1896. Reprint in Gar.

xlix. 488 and Gar. Chron. xx. 65.

1896. Purdy, Carl. A New Hybrid Canna. Gar. and For-

est, ix. 227.

1896. Riviera. A Hybrid Serapis. Gar. Chron. xx. 142.

1896. Rodigas, Em. Aquilegia ccerulea hybrida. 111. Hort.

xliii. 108.

1896. Rodigas, Em. Croisement de fraise et framboise.

111. Hort. xliii. 135.

1896. Rodigas, Em. Cytisus x Kewensis. HI. Hort. xliii.

204.

1896. Rolfe, R. A. Natural Hybrid Orchids. Gar. Chron.

xix. 105, 198.



BIBLIOGRAPHY. 409

1896. Rudolph, Jules. Les Hybrides dans le vrai Sens du
Mot. Rev. Hort. lxviii. 180.

1896. Tallock, J. C. Hybrid Streptocarpi. Gar. xlviii. 366.

1896. Saunders, W. Experiments in Cross-Fertilizing to

Produce Fruits Suitable for the Canadian Northwest.

Can. Exp. Farms Rep. for 1896, 61.

1896. Smith, Elmer D. Cross-Fertilization. Rep. Mich.

Hort. Soc. for 1896, 39.

1896. Smith, Elmer D. Prepotency of the Male Parent.

Gar. Chron. xix. 791.

1896. Stuart, J. D. Viola Sports. Gar. Chron. xx. p. 222.

1896. S. G. Hybrid Cattleyas and Laelias. Gar. xlviii. 78.

1896. Swinburne, T. W. Hybrid Cypripediums. Gar.

Chron. xx. 435.

1896. Vilmorin, Henry L. de. Hybrid Poppies. Gar. Chron.

xix. p. 50.

1896. Watson, W. Note on Hybrid Rocheas. Gar. and

For. ix. 126 (mostly a cultural note).

1896. Waugh, F. A. The Pollination of Plums. Bull. 53,

Vt. Exp. Sta.

1896. Webber, H. J. On a Supposed Immediate Effect of

Pollen. Science, iv. p. 498.

1896. Webber, H. J. Influence of Environment in the

Origination of Plant Varieties. Yearbook of the U.S.

Dept. of Agric. for 1896.

1896. Went, Dr. F. A. C, and Gurlings, H. C. Experiments

with Seedling Canes, 1894-5. The Sugar Cane, xxviii.

pp. 201, 267.

1896. Williamson, David R. The New Race of Roses

:

Hybrid Teas. Gar. Chron. xx. 90.

1897. A. D. Smythe's Hybrid Beans. Gar. lii. 4.

1897. B. Rhododendron Fortunei and Its Hybrids. Gar. li.

375.

1897. Bailey, L. H. Sweet Peas. Remarks on the evolu-



410 BIBLIOGRAPHY.

tion of, in Bull. 127, Cornell Univ. Exp. Sta. (Continued

from Bull. Ill, 1896.)

1897. Bean, W. J. Ribes Gordonianum (R. hybridum).

Gar. li. 209.

1897. Brautigam, J. Anatomische Charakteristik der Ro-

saceen-Bastarde. Dresden.

1897. Budd, J. L. Hybrid Roses, Gooseberries, and Straw-

berries. Bull. 36, Iowa Exp. Sta. pp. 868-878.

1897. Camus, E. G. Statistical Summary of Spontaneous

Hybrids in Flora of Europe. A Catalogue of Hybrids.

Paris.

1897. Coates, L. Cross-Fertilization. Cal. Fruit Grower,

xx. 6.

1897. Cross-Pollination in Relation to Fruitfulness. Bull.

65, U.S. Dept. Agric. 32.

1897. (Editorial.) Backwards and Forwards. Gar. Chron.

xxi. 336.

1897. (Editorial.) Hybrid Aristolochia. Gar. Chron. xxii.

126.

1897. E. J. Hybrid Narcissi. Gar. li. 427.

1897. Farmer, J. B. On the Structure of a Hybrid Fern.

Annals of Botany, xi. No. 44, Dec.

1897. Farmer, J. B. Hybrid Fern. Gar. Chron. xxii. 447.

1897. Galton, Francis. Rate of Racial Change that accom-

panies Different Degrees of Severity of Selection.

Nature, lv. p. 605.

1897. Galton, Francis. The Average Contribution of Each

of Several Ancestors to the Total Heritage of the Off-

spring. Proc. Roy. Soc. lxi. 401.

1897. Galton, Francis. Retrograde Selection. Gar. Chron.

xxi. 313.

1897. Gerard, J. N. Rose Hybrids. Gar. and Forest, x. 147.

1897. Goff, E. S. Principles of Plant Culture. Last chap,

is on Plant-Breeding.



BIBLIOGRAPHY. 411

1897. Guillochon, L. Results Obtained in Hybridization

of Orchids. Jour. Soc. Nat. Hort. France, xix. 64.

1897. Harshberger, J. W. Notes on the Hybrid of Maize

and Teosinthe. Gar. and Forest, x. 48.

1897. Hatfield, T. D. The Hybrid Gladioli. Gar. and
Forest, x. 335.

1897. Heim, M. Alternations of Generations in Plant Life.

Pop. Sci. Mo. lv. 422.

1897. Henslow, Geo. A Law of Heredity. Gar. Chron.

xxii. 216.

1897. Jamieson, T. Natural Cross-Fertilization of Oats,

and Change of Seeds. Proc. Agric. Research Ass.

(Scotland), 1897, 31.

1897. Lynch, R. Irwin. Hybrid Cinerarias. Gar. Hi. 43;

Gar. Chron. xxi. 46.

1897. Mell, P. H. Hybrids from American and Foreign

Cotton. Bull. 83, Ala. Sta. 385.

1897. Oliver G. W. Hybridizing Caladiums. Gar. and
Forest, x. 307. (Notes on practices of crossing.)

1897. Oliver, G. W. Hybridizing Sarracenias. Gar. and
Forest, x. 353.

1897. Potter, R. Two Hybrid Hemerocallis. Gar. Chron.

xxii. 9.

1897. Rane, F. W. Notes on Tomato Breeding. Bull. 42,

N. H. Exp. Sta. 24.

1897. Rawson, G. P. Crossing Chrysanthemums. Flor.

Exchange, 52, 1174.

1897. Saunders, E. R. On a Discontinuous Variation

Occurring in Biscutella Icevigata. Proc. Roy. Soc. lxii.

11-26.

1897. Saunders, W. Results of Experiments in Cross-

Fertilizing Plants, Shrubs, and Trees. Can. Exp. Farms
Rep. (1897), 60.

1897. Swingle, W. T., and H. J. Webber. Hybrids and



412 BIBLIOGRAPHY.

Rep.

Their Uses in Plant-Breeding. Year Book of Dept. of

Agric. for 1897, 383. Reviewed by Geo. Henslow in Gar.

Chron. xxv. 209.

1897. Watson, W. A Variegated Plane tree. Gar. and

Forest, x. 304.

1897. Watson, W. Hybrid Rhododendrons. Gar. and

Forest, x. 203.

1897. Waugh, F. A. The Pollination of Plums. Proc.

Am. Pom. Soc. (1897), 86.

1897. Waugh, F. A. Problems in Plum Pollination.

10, Vt. Exp. Sta. 97.

1897. Willard, J. T. Variations in the Nitrogen-Content

of Maize and Possibilities for Improvement of it. Trans.

Kas. Acad. Sci. 16, pp. 46-48.

1898. Abbado, Michele. L' Ibridismo nei Vegetali. (Studio

Bibliografico.) Nuovo Giornale Botanico Italiano Nuova

Serie, v. 76-105. Continued.

1898. Allen, C. L. Selection in its Relation to Horti-

culture. Florists' Exchange, x. Xos. 24 and 27. Eastern

New York Hortic. ii. 11.

1898. Archer-Hind, T. H. Crossing Hellebores. Gar. liii.

474.

1898. Bailey, L. H. Sketch of the Evolution of Our Native

Fruits. 472 pp. New York.

1898. Bonavia, E. Hybridization of Sprekelia and Hippe-

astrum. Indian Gardening (London), Aug. 15, 1898.

Reprint in Gar. Chron. xxiv. 316.

1898. Britton, E. G. A Hybrid Moss. Plant World, i. 138.

1898.

1898.

liii

1898.

Britton, W. E. Seed Selection. Am. Flor. p. 1546.

Gladiolus Gandavensis Hvbrids. Gar.Burrill, J

210.

Camus, E. G. Statistique ou Catalogue des Plantes.

Hybrides Spontanees de la Flora Europeenne. Journal

de Botanique, xii. April, May, and June.



BIBLIOGRAPHY. 41

3

1898. Card, Fred W. Bush-Fruits. 537 pp. New York.

1898. Castel, P. Practical Advice in regard to Hybridiz-

ing Grapes. Prog. Agr. and Vit. 29, No. 5, 137.

1898. Chapman, H. J. Hybrid Moth Orchids. Gar. liii.

297.

1898. Chapman, H. J. Phaius tuberculosus Hybrids. Gar.

liii. 298.

1898. C. H. C. Hybrid Phaius. Gar. Mag. xli. 184.

1898. Chantin, M. Auguste. De PAction du verre sur la

Croissance des Plantes. Rev. Hort. lxx. 519.

1898. Close, C. P. Mixed Grapes. Singular Results from

Crossing Different Varieties. Am. Gar. xix. 857.

1898. Craig, John. Fixing Varieties. Gardening, vi. 347.

1898. Cross-Breeding of Wheat. Queensland Agric. Journ.

3, No. 5, 335.

1898. De Vries, Hugo. Over het Omkeeren van Halve

Galton-Curven, avec un resume en langue francaise.

Ghent.

1898. Dixey, F. A. Recent Experiments in Hybridization.

Sci. Prog. vii. 185.

1898. Dod, C. Wolley. Spontaneous Hybrids of Hardy
Plants. Gar. Mag. xli. 243.

1898. D. T. F. The Hardiness of Hybrid Tea Roses. Gar.

Chron. xxiv. 184.

1898. Druery, Chas. T. Culture and Variation. Gar.

Chron. xxiii. 307.

1898. Farrer, W. The Making and Improvement of

Wheats for Australian Conditions. Misc. Publication

No. 206. Dept. of Agric, Sidney, New South Wales.

1898. Grey, Robt. M. New Evergreen Hybrids from Rosa

Wichuraiana. Flor. Exchange, x. 623.

1898. Gumbleton, W. E. New Hybrids of Dodecatheon,

or American Cowslip. Gar. Chron. xxiii. 317.

1898. H. P. A New Race of Begonias. Gar. liii. 129.



414 BIBLIOGRAPHY.

1898. H. W. Hybrid Winter-Flowering Begonias. Jour,

of Hort. xxxvi. 12.

1898. J. W. A New Hybrid Fern. Gar. liii. 226.

1898. Lazenby, W. R. Growing and Pollination of Indian

Corn. Farm and Fireside, Oct. 1, 1898.

1898. Linton, Edward F. Experiments in the Cross-

Fertilization of Willows. Journ. Bot. xxxvi. 122.

1898. Low, Aaron. Originating New Vegetables. Garden-

ing, vi. 280-281.

1898. M'Alpine, A. N. Production of New Types of For-

age Plants— Clovers and Grasses. Trans. Highland and

Agric. Soc. Scotland, 5 ser. 10, 135.

1898. Manda, W. A. Hybrid Wichuraiana Roses. Garden-

ing, vi. p. 9.

1898. Mansholt, J. H. The Breeding of Grain. Deutsch.

Landw. Presse, 25, No. 16, 175.

1898. Munson, W. M. Pollination and Fertilization of

Flowers, pp. 1-11. (Reprint from 14th Annual Report

Maine Agric. Exp. Sta., Orono, Maine, pp. 219-229.)

1898. Naudin, C. Disordinate Variations in Hybrids.

Rev. Hort. lxx. 509.

1898. R. A. R. Hybrid Cinerarias. Gar. Chron. xxiv.

101.

1898. Rudolph, Jules. Fecondation artificielle et Hybri-

dation des Aroidees. Rev. Hort. lxx. 318.

1898. Sears, F. C. American Seed Growing. Gardening,

vi. p. 375.

1898. T. Hybrid Greenhouse Rhododendrons. Gar. liii.

432.

1898. Tracy, W. W. Flower Seed-growing in America.

Gardening, vi. pp. 243-244.

1898. Tracy, W. W. Adherence to Type in Seed-breeding.

Gardening, vi. pp. 282-283.



BIBLIOGRAPHY. 415

1898. Tracy, W. W. American Seed-growing. Gardening,

vi. p. 346.

1898. Tracy, W. W. Variation in Sweet Pea Due to

Culture. Am. Flor. p. 618.

1898. Tracy, W. W. Seed-breeding. Am. Flor. No. 520,

pp. 1251-1252. See Exp. Sta. Rec. x. No. 3, p. 259.

1898. Tracy, W. W. Growing Seed (development of new
varieties). Am. Flor. p. 340.

1898. Tryon, H. Preventive Treatment in Plant Disease—
Hybridization and Inoculation. Queensland Agric.

Journ. 2, No. 6, 511.

1898. Waite, M. B. Pollination of Pomaceous Fruits.

Yearbook of Dept. of Agric. ; also reprinted.

1898. Waugh, F. A. Inferiority of Type. Gardening, vi.

pp. 346-347.

1898. Webber, Herbert J. The Improvement of Plants by

Selection. Year Book U. S. Dept. Agric.

1898. "Wild Rose." Hybrid Sweet Briers. Gar. Chron.

xxiii. 149.

1899. A. D. Hybrids and Cross-Breds. Gar. Mag. xlii.

94.

1899. Ames, O. A New Plant (Selenipedium) . Am. Gar.

xx. 654.

1899. Arnott, S. Hybrids and their Raisers. Gar. Chron.

xxvi. 152.

1899. Artificial Hybridization of Plants. Nation, lxix. 112.

1899. Bailey, L. H. The Evolution of the Strawberry.

Sci. Amer. Suppl. xlvii. 19337.

1899. Beach, S. A. The Improvement of the American

Grapes. Proc. Am. Pom. Soc. (1899), 102.

1899. Bellair, Geo. Hybrides Anormaux. Rev. Hort. lxx.

482.

1899. Bessey, C. E. Campbell's Lectures on the Evolution

of Plants. Sci. n. s. ix. 618.



416 BIBLIOGRAPHY.

1899. Brown, S. Relation of External Agents in Plant

Reproduction. Sci. Am. Suppl. xlvii. 19600.

1899. Burbidge, F. W. Evolution in the Garden. Gar.

Chron. xxv. 177.

1899. Burbidge, F. W. A New Hybrid Lily (Lilium Bur-

ban ki). Gar. lv. 56.

1899. Burbidge, F. W. New Plant Breeding. Journ.

Hort. xxxix. 23.

1899. Burbidge, F. W. Plant-Breeding. Gar. lv. 182.

1899. Cannell, Henry. Hybridization and Retrogression.

Gar. Chron. xxvi. 74.

1899. Chapman, H. J. Bigeneric Hybrid Orchids. Gar.

lv. 265.

1899. Chapman, H. J. Natural Hybrid Odontoglossums.

Gar. lvi. 478, 499, 500.

1899. Cookson, N. C. Hybrid. Laelio-Cattleya x Ernesti,

" Princess Olga." Gar. Chron. xxvi. p. 149.

1899. Correns, C. Untersuchungen iiber die Xenien bei

Zea Mays. Berichten der Deutsch. Bot. Gesellsch. xvii.

Heft 10.

1899. C. H. P. Hybrids and Their Raisers. Gar. Chron.

xxvi. 41.

1899. C. N. Aquilegia Hybrids. Gar. lv. 391.

1899. D. Fern Hybrids. Gar. Chron. xxv. 149.

1899. Davenport, G. E. Abnormal Forms and Hybridity in

Ferns. Linnsean Fern Chapter (Boston meeting). 1-11.

1899. De Vries, Hugo. Biastrepsis in its Relation to Culti-

vation. Annals of Botany, xiii. Sept.

1899. De Vries, Hugo. Ueber die Abhangigkeit der Fascia-

tion vom Alter bei zweijahrigen Pflanzen. Bot. Centralb.

Ixxvii.

1899. De Vries, Hugo. Ueber die Periodicitat der partiellen

Variationen. Sonderabdruck aus den Berichten der

Deutsch. Bot. Gesellsch. xvii. Heft 2.



BIBLIOGRAPHY. 417

1899. De Vries, Hugo. Ueber Curvenselection bei Chrys-

anthemum segetum. Sonderabdruck aus den Berichten

der Deutsch. Bot. Gesellsch. xvii. Heft 3.

1899. De Vries, Hugo. Over het Periodisch Optreden der

Anomalen op Monstreuze Planten. Botanisch Jaarboek.

Ghent.

1899. Dod, C. Wolley. Hybrid Cyclamen. Gar. Chron.

xxvi. 47.

1899. Dod, C. Wolley. Hybrid Montbretias. Gar.lvi.289.

1899. Dodd, C. Wolley. Spontaneous Hybrids. (jar.

Chron. xxv. 132, 148, 164, 178, 210, 259, 276.

1899. Dyer, W. T. T. Garden Hybrids— A Warning.

Gar. Chron. xxvi. p. 31.

1899. Dyer, W. T. T. Bravoa Keivensis, a New Hybrid.

Gar. Chron. xxvi. p. 112.

1899. (Editorial.) Hybridization. Gar. Chron. xxvi. p.

53.

1899. (Editorial.) Hybridizing the Gooseberry and Cur-

rant. Am. Gar. xx. p. 476.

1899. (Editorial.) Cross-Breeding. Gar. Chron. xxv. 72.

1899. (Editorial.) Hybrids and Crosses. Gar. Mag. xlii.

425.

1899. E. J. Hybrid Rhododendrons. Gar. lv. 377.

1899. E. J. Hybrids of Begonia Socotrana. Gar. lvi. pp.

497-498.

1899. Errera, L. Heredite d'un Caractere acquis chez un

Champignon pluricellulaire. Bull, de l'Acad. roy. de

Belgique, No. 2, pp. 81-102.

1899. Ewart, J. Cossar. Intercrossing and Hybridizing.

Gar. Chron. xxvi. 133.

1899. Fabre, M. Esprit. On the Species of iEgilops of the

South of France, and their Transformation into Culti-

vated Wheat. Journ. Roy. Agric. Soc. xv. pp. 167-

180.



418 BIBLIOGRAPHY.

1899. Fish, D. T. Hybridity. Gar. Chron. xxvi. pp. 26,

27.

1899. Hays, W. M., and Andrew Ross. Wheat Breeding.

Gar. Chron. xxvi. 228; Bull. 62, Minn. Agric. Exp.

Sta.

1899. Hays, W. M. Original Seed vs. Seed Improved by

Selection. Bull. 46, Minn. Exp. Sta. pp. 346-348. See

Exp. Sta. Rec. viii. p. 222.

1899. Hickman, J. F. Seed Selection of Corn from Differ-

ent Parts of the Ear. Bull. 78, Ohio Exp. Sta. pp.

57-60.

1899. Hemsly. Begonia x Moonlight and Others. Gar.

Chron. xxv. 122.

1899. H. P. Hybrid Lilies. Gar. lv. 434.

1899. Hoesholt, A. W. Anthurium Hybrid. Gar. Chron.

xxvi. 24.

1899. Hopkins, C. G. Improvement in the Chemical

Composition of the Corn Kernel. Bull. 55, 111. Exp. Sta.

1899. Hurst, C. C. Curiosities of Orchid Breeding. Na-

ture, lix. 180; reprint in Gar. Chron. xxv. 14, 36, 62.

1899. Jouin, M. E. Graft Hybrids. Le Jardin, Jan. 20,

1899. Reprint in Gar. Chron. xxvi. 226.

1899. Latour-Marliac, M. R. Hybrid Water Lilies. Journ.

Roy. Hort. Soc. xxii. pt. 3, 287. Extract in Gar. lv.

177.

1899. Macfarlane, J. M. Observations on Some Hybrids

between Drosera Jiliformis and D. intermedia. Contr.

Bot. Lab. Univ. Penn. ii. 87-99, pi. 12.

1899. Maron, Ch. Les Hybrides Francais de Cattleya et

Laelia. Rev. Hort. lxxi. 140.

1899. Masters, M. T. Hybridization. Nature, lx. 286;

Sci. Am. Sup. xlviii. 19920.

1899. Xapper, Wm. Garden Hybrids. Gar. Chron. xxvi.

47.



BIBLIOGRAPHY. 419

1899. O'Brien, J. Hybrid Orchids. Journ. Roy. Hort. Soc.

xxii. pt. 2, 178.

1899. O'Brien, J. Orchid Crosses. Gar. Chron. xxvi. 45, 98.

1899. Oliver, G. W. Hybridization. Am. Gar. xx. 397.

1899. Patten, C. G. Breeding of Fruits for the Upper
Mississippi Valley. Proc. Am. Pom. Soc. (1899), 92.

1899. Paul, Wm. The Perpetuity of Feebleness by Hy-
bridization. Gar. Chron. xxvi. 230.

1899. Powell, G. Harold. The Underlying Principles of

Variety Improvement. In Report of Meeting of N. J.

Hort. Soc. Amer. Gard. 20, p. 6i (Jan. 28).

1899. Powell, G. H. Breeding Plants through Bud Selec.

tion. Nat. Nurseryman. Reprint in Gar. Chron. xxv.

129.

1899. R. D. Hybrids and Their Raisers. Gar. Chron.

xxvi. 21, 84, 126, 162, 347.

1899. Rabate, E. Selection des semences de mais. Journ.

d'Agr. prat. p. 641.

1899. Rimpau, W. Kreuzungsprodukte landwirthschaft-

licher Kulturpflanzen. Landw. Jahrb. xx. 335-371.

1899. Ribbeck, Otto. Reden und Vortrage. Hybris, pp.

1-18. Leipzig.

1899. Saunders, Wm. New Hardy Hybrid Fruits for the

Canadian Northwest. In Can. Exp. Farms Rep. pp.

33-35.

1899. Shinn. Chas. H. Some Recent Flower Creations in

California, Hybrid Columbines. Gar. lvi. 31.

1899. Solms-Laubach, Grafen zu. Weizen und Tulpe und
deren Geschichte. Leipzig. 116 pp. Verlag von Arthur

Felix.

1899. T. Hybrids of Begonia Socotrana. Gar. lvi. 497.

1899. T. Malayan Rhododendrons and Their Hybrids.

Gar. lvi. 62.

1899. Ule, E. Ueber einen experimentell erzeugten Aristo-



420 BIBLIOGRAPHY.

lochienbastard. Berichte d. Deutsch. Bot. Gesellsch. xvii.

pp. 35-40.

1899. Waugh, F. A. Hybridization, with Special Refer-

ence to the Horticulture of North America. Am. Gar.

xx. 431.

1899. Waugh, F. A. Hybrid Plums. Cal. Fruit Grower,

No. 591, 5; Bull. 67, Vt. Exp. Sta. 30.

1899. Webber, H. J. Chrysanthemum Sports. Am. Flor.

xv. p. 349.

1899. AVebber, H. J., and E. A. Bessey. Progress of Plant-

breeding in United States. Year Book of Dept. Agric.

for 1899.

1899. Webber, H. J. Systematic Plant-Breeding. Synop-

sis of Paper. Proc. Am. Pom. Soc. (1899), 53.

1899. Wilson, J. H. Hybridization. Am. Gard. xx. pp.

415-417. Exp. Sta. Rec. xi. 1899, p. 152.

1899. Wilson, J. H. Hybridists and Cross-Breeding. Gar.

Chron. xxvi. 12.

1899. Young, W. H. Natural Hybrids. Gar. Chron. xxvi.

69.

1900. A. D. Hybrid Blackberries. Gar. Chron. xxviii.

194.

1900. Baskett, G. Rose Hybridization as Practised by

Lord Penzance. Gar. lvii. 80.

1900. Bateson, W. On the Problems in Heredity. Journ.

Roy. Hort. Soc. xxv. pts. 1 and 2, 54.

1900. Bateson, W., and Pertz, D. F. M. Notes on the

Inheritance of A^ariation in the Corolla of Veronica Bux-

baumii. Proc. Cambridge Phil. Soc. x. 78-92.

1900. Booth, N. O. Strawberry Breeding. Rep. 43, Hort-

Soc. of Mo. 36.

1900-01. Card, Fred AY., and Adams, G. E. Corn Mixing.

14th Ann. Rep. R. I. Exp. Sta. pp. 234-237.

1900-01. Card, Fred W., and Adams, G. E. Influence oi



BIBLIOGRAPHY. 421

Pollen in Melons. 14th Ann. Rep. R. I. Exp. Sta. pp.

237-238.

1900. Carleton, Mark Alfred. The Basis for the Improve-

ment of American Wheats. Bull. 24, Div. Veg. Physiol-

ogy and Pathology, U. S. Dept. Agric.

1900. Chapman, H. J. Cypripedium Sanderianum Hy-
brids. Gar. lvii. 74.

1900. Christy, W. A. Some Thoughts on Hybridizing.

Am. Flor. No. 617, 1014.

1900. Correns, C. Ueber den Einfluss, welchen die Zahl

der zur Bestiiubimg verwendeten Pollenkorner auf die

Nachkommenschaft hat. Berichte der Deutscli. Bot.

Gessellsch. xviii. 422-435.

1900. Correns, C. Gregor Mendel's Yersuche iiber Pflanzen-

Hybriden und die Bestatigung ihrer Ergebnisse durch die

neuesten Untersuchungen. Bot. Zeitung Abtheilung ii.

August 1.

1900. Correns, C. Ueber Levkoyenbastarde. Separat-

Abdruck aus Bot. Centralblatt lxxxiv.

1900. Correns, C. G. Mendel's Regel iiber das Verhalten

der Nachkommenschaft der .Rassenbastarde. Sonder-

abdruck aus den Berichten der Deutsch. Bot. Gesellsch.

xviii.

1900. Dauthenay, H. Hybrides du Cypripedium Sanderae.

Rev. Hort. lxxii. 152.

1900. De Vries, Hugo. Alimentation et Selection. Extrait

du Cinquantenaire de la Societe de Biologic Volume
Jubilaire publie par la Societe.

1900. De Vries, Hugo. Das Spaltungsgesetz der Bastarde.

Sonderabdruck aus den Berichten der Deutsch. Bot.

Gesellsch. xviii. Heft 3.

1900. De Vries, Hugo. Ueber erbungleiche Kreuzungen.

Sonderabdruck aus den Berichten der Deutsch. Bot.

Gesellsch. xviii. Heft 9 (article published in pp. 435-443).



422 BIBLIOGRAPHY.

1900. De Vries, Hugo. Sur la loi de disjonction des

Hybrides. Compt. rend, des Seances de l'Acad. des

Sciences, Paris.

1900. De Vries, Hugo. The Law of Separation of Charac-

ters in Crosses. Reprint from Journ. Roy. Hort. Soc.

xxv. pt. 3.

1900. De Vries, Hugo. Sur les Unites des Characteres

specifiques et leur application a l'etude des Hybrides.

Rev. Gen. Bot. July, 1900.

1900. Dod, C. Wolley. Hybrids True from Seed. Gar.

Chron. xxvii. 188, 235.

1900. (Editorial.) Rhododendrons from Wesley. Gar.lvii.

374.

1900. (Editorial.) The Work of the Hybridist. Gar. lvii.

317.

1900. Ginzberger, August. Das Spaltungsgesetz der

Bastarde. Naturwissenschaftliche Wochenschrift, Bd.

15, pp. 577-580. Rf. Bot. Centralb. lxxxv. p. 155.

1900. Henslow, Geo. Origin of Some Hybrid Garden

Flowers. Gar. lvii. 138.

1900. Hybrid Conference Report. Journ. Roy. Hort. Soc.

xxiv.

1900. J. E. J. Hybrid Forms or Varieties? Gar. Chron.

xxviii. 483.

1900. Lynch, R. Irwin. The Evolution of Plants. Journ.

Roy. Hort. Soc. xxv. pts. 1 and 2, 17.

1900. Mell, P. H. The Improvement of the Cotton by

Hybridization and Selection. Bull. 107, Alabama Exp.

Sta., Auburn, Ala.

1900. Orton, W. A. The Wilt Disease of Cotton and its

Control. Bull. 27, U. S. Dept. of Agric, Div. Veg. Phys.

and Path.

1900. Philomel. Hybrid and Other Roses at Kew. Gar.

lviii. 5.



BIBLIOGRAPHY. 423

1900. Philomel. Rosa Wichuraiana and Hybrids. Gar.

lviii. 83.

1900. S. W. F. Hybrid Rhododendrons. Gar. lvii. 96.

1900. S. W. M. Intercrossing Potatoes. Gar. lvii. 72.

1900. Thomson, J. A. Experimental Study of Fertiliza-

tion. Nature, lxi. 551.

1900. Thomson, J. A. Sur l'origine experimentale d'une

nouvelle espece vegetale. Comptes Rendues des Seances

de l'Academie des Sciences, Paris.

1900. Tschermak, Erich. Ueber kiinstliche Kreuzung bei

Pisum sativum. Biol. Centralb. xx. 593-595. Also in

Berichte der Deutsch. Bot. Gesellsch. xviii. pp. 232-239.

The complete article in Zeitschrift fur das landwirtschaft-

liche Versuchswesen in Oesterreich. Heft 5, 1900, pp.

466-555.

1900. Waugh, F. A. Hybrid Plums. Gar. Chron. xxvii.

178.

1900. Webber, H. J. Complications in Citrus Hybridiza-

tion caused by Polyembryony. Science, Feb. 23, p.

308.

1900. Webber, H. J. The Improvement of Cotton. An
address before the New England Cotton Manufacturers'

Association at their Washington meeting, Oct. 16.

1900. Webber, H. J. The Influence of Pollen on the Fruit

of the Current Year. Report of the 321st meeting of the

Biological Soc. of Washington. Science, April.

1900. Webber, H. J. The Improvement of Cereals. Proc.

Tri- State Grain Growers' Association, pp. 56-66.

1900. Webber, H. J. Xenia, or the Immediate Effect of

Pollen in Maize. Bull. 22, Div. Veg. Physiology and

Pathology, U. S. Dept. Agric.

1900. Wettstein, R. von. Descendenztheoretische Unter-

suchungen iiber den Saison Dimorphism us im Pflanzen-

veich. Separat-Abdruck aus Denkschriften der mathema-



424 BIBLIOGRAPHY.

tisch-naturwiss. Classe d. Kaiserl. Akad. d. Wissens.

Wien, lxx. 42 pp.

1900. Wettstein, R. von. Der gegenw'artige Stand unserer

Kenntnisse betreffend die neubildung von Formen im

Pflanzenreiche. Berichte der Deutsch. Bot. Gesells. xviii.

184-200, Generalversammlungen Heft.

1900. Whitten, J. G. Plant-Breeding. Rep. xliii. Hort.

Soc. of Mo. 23.

Second list for 1900.

1900. Beach, S. A. Fertilizing Self-sterile Grapes. N. Y.

State Exp. Sta. Bull. 169, 331-371. N. Y. State Exp.

Sta. Rep. xviii. 361-397.

1900. Budd, J. L. Outcome of Crossing Fruits and Shrubs

in the Northwest. Rep. Iowa Hort. Soc. xxxv. 176-178.

1900. Burbank, L. New Plums. Rural New-Yorker, lix.

655.

1900. Carleton, M. A. Successful Wheat Growing in Semi-

arid Districts. U. S. Dept. Agric. Year Book, 529-542.

1900. De Tries, Hugo. Sur l'origine experimentale d'une

nouvelle espece Vegetale. Compt. rend. Paris.

1900. De Vries, H. Sur la Fecondation hybride de l'endo-

sperme chez le Mais. Rev. Gen. Bot. xii. 129-137.

1900. Dorner, F. Crossing and Hybridizing. Am. Florist,

xvi. 752-753.

1900. Edler, YV. Some Important Questions in Plant

Breeding. Vrtljschr. Bayer. Landw. Rat. v. 619-630.

1900. Edler, W. Important Problems in Plant-Breeding.

Landw. Wchnbl. Sachsen, ii. 303-304, 310-311.

1900. Edler, TV. Report on Plant-Breeding Establishments.

Jahrb. Deut. Landw. Gesells. xv. 403-426.

1900. Fischer, M. Breeding Experiments with Rye and

Wheat. Fuhling's Landw. Ztg. xlix, 009-013, 042-649.



BIBLIOGRAPHY, 425

1900. Gain, E. Seed Selection. Sta. Agron. Nancy Bull.

3, 16-25.

1900. Golf, E. S. Effect of Continued Use of Immature

Tomato Seed. Wis. Exp. Sta. Rep. 1900, 295-297.

1900. Halsted, Byron D. Experiments in Crossing of

Plants. N. J. Exp. Sta. Rep. 1900, 428-447.

1900. Hansen, N. E. Breeding of Native Northwestern

Fruits. Rep. Iowa Hort. Soc. xxxv. 455-457.

1900. Hansen, N. E., and Thornber, W. S. Crossing Toma-
toes. South Dak. Exp. Sta. Bull. 68.

1900. Hitchcock, A. S. Plant-Breeding by Bud Selection.

Am. Gar. xxi. 59.

1900. Juel, H. O. Vergleichende Untersuchungen iiber

typische und parthenogenetische Fortpflanzung bei der

Gattung Antennaria. K. Svenska Vetenskaps Akad.

Handlungar. Bd. 33, No. 5, 59 pp. Stockholm. (Bot.

Centbl. 86, 123.)

1900. Keep, N. Effect of Pollination. Canadian Hort.

xxiii. 515-517.

1900. Kirsche, A. Ueber Umzuchtung von Winter-Square-

headweizen zu Sommerweizen. Deut. Landw. Presse,

xxvii. 165-166.

1900. Laurent, E. Sur l'Origine des Varietes panachees

chez les Plantes. Bull. Soc. Roy. Bot. Belg. xxxix. pt.

2. 6-9.

1900. Mansholt, T. Grain Breeding. Fiihling's Landw.

Ztg. xlix. 296-299, 327-334.

1900. Mansholt, R. J. Some Varieties of Winter Barley.

Orgaan Yer. Oudleer Rijks. Landbouwschool, xii. p. 49.

1900. Munson, W. M. Development of a Tomato Hybrid.

Proc. Soc. Prom. Agric. Sci. 41-43.

1900. Tracy, W. W. Individual Prepotency in Plants of

the Same Breeding. Proc. Soc. Prom. Agric. Sci.

57-59.



426 BIBLIOGRAPHY.

1900. Yon Seelhorst. Hilfsmittel zur Getreideziichtung.

Dent. Landw. Presse. xxvii. 533-534.

1900. Ward, C. W. Improvement of Carnation in Amer-

ica. Trans. Mass. Hort. Soc. 1900, pt. 1, 91-101.

1900. Waugh, F. A. Check List of Hybrid Plums. Vt.

Exp. Sta. Bull. 75, 101-110.

1900. Waugh, F. A. Further Work in Plum Pollination.

Vt. Exp. Sta. Rep. xiii. 355-362.

1900. Waugh, F. A. Pollination of Apples. Vt. Exp.

Sta. Rep. xiii. 362-366.

1900. Wendenbusch, J. Zur Zucht widerstandsf'ahigen,

nicht schossenden Riibensamens. Deut. Landw. Presse,

xxvii. 107-109.

1900. Westh, T. C. Eukelte traek af Landbrugets jord-

dyrkningog Plante-Kultur i Danmark ved aar 1900.

Aarhus, 1-87.

1901. Amelung. Nelkenbastarde. Gartenflora, 1. 449-450.

1901. Ames, Oakes. Reproduction in Relation to Prob-

lems in Hybridization. Am. Gar. xxii. 322.

1901. Bailey, L. H. What becomes of the Nursery Tree?

Rept. 26th ami. meeting Amer. Assoc. Nurserymen, 15-17.

[Lack of adaptation, etc.]

1901. Beard, J. The Numerical Law of Germ Cells.

Anat. Anzeiger, xxi. 189-200.

1901. Bellair, G., et Daveau, J. Nicotianas hybrides. Rev.

Hort. lxxiii. 545-548.

1901. Bordage, E. On a Hybrid of the Liberian and Ara-

bian Coffee Tree obtained at Reunion. Rev. Cult. Colo-

niales, viii. 1-7.

1901. Buffham. Helianthus Hybrid. Gar. Chron. 3d ser.

xxx. 266.

1901. Caparne, W. J. New Race of Hybrid Alpine Irises.

Gar. Chron. 3d ser. xxx. 397. Abs. in Am. Gar. xxiii.

104-105 (1902).



BIBLIOGRAPHY. 427

1901. Carle ton, M. A. Emmer : a Grain for the Semi-arid

Regions. U. S. Dept. Agric. Farmers' Bull. 139, 1-

16.

1901. Conrad, H. S. A New Tender Nymphaea. Am.
Gar. xxii. 745.

1901. Cook, O. F. A Kinetic Theory of Evolution.

Science, n. s. xiii. 969.

1901. Correns, C. Die Ergebnisse der neuesten Bastard-

forschung fur die Vererbungslehre. Ber. Deut. Bot. Ge-

sells. xix.

1901. Correns, C. Bastarde Zwischen Maisrassen mit

besonderer Berucksichtigung der Xenien. Bibliotheca

Botanica, Heft 53.

1901. Crawford, M. Groff's Hybrid Gladioli. Am. Gar.

xxii. 131-132.

1901. Dauthenay, H. Chrysanthemes Nouveaux de 1900.

Rev. Hort. 73^ 121-123.
"

1901. Deane, H., and Maiden, J. H. Notes on the Sup-

posed Hybridization among Eucalypts. Proc. Linn.

Soc. New South Wales, xxvi. pt. 2, 339-343.

1901. Derganc, L. Einige Bemerkungen iiber Primula

Carniolica Jacq. und ihren Bastard. Act. Hort. Jurj. ii.

153-156 ; iii. 27-31.

1901. De Yries, Hugo. On the Origin of New Species of

Plants. Proc. Sec. Sci. Koninkl. Akad. Wetensch.

Amsterdam, iii. 245-247.

1901. De Vries, Hugo. Recherches experimentales sur

l'origine des especes. Rev. Gen. Bot. xiii. 5-17.

1901. De Vries, Hugo. Die Mutation stheorie. Erster

Band. Versuche und Beobachtungen iiber die Entste-

hung von Arten im Pflanzenreich. Leipzig.

1901. De Vries, Hugo. Sur la mutabilite de V Oenothera

Lamarckiana. Compt. rend. d. Seances de l'Acad. d.

Sci. d. Paris. (Bot. Centbl. lxxxvi. 161.)



428 BIBLIOGRAPHY.

1901. De Vries, Hugo. The Law of Separation of Charac-

ters in Crosses. Journ. Roy. Hort. Soc. xxv. pt. 3,

243.

1901. De Vries, Hugo. On Crosses with Dissimilar Hered-

ity. Journ. Roy. Hort. Soc. xxv. pt. 3, 249.

1901. Dorner, F. Improvement of Carnations. Gar. Mag.

Feb.

1901. Druery, C. T. Variation and Environment. Gar.

Chron. 3d ser. xxx. 431.

1901. Dubois, A. Ble Hybride de Massy. Journ. Agric.

Prat. n. s. ii. 433.

1901. (Editorial.) Experiments in Hybridization. Gar.

Chron. 3d ser. xxx. 308.

1901. (Editorial.) Experiments in Hybridization accord-

ing to Mendel. Gar. Chron. 3d ser. xxx. 226.

1901. (Editorial.) Strawberries, Peaches, and Grapes. In-

dependent, liii. 2132.

1901. Emerson, R. A. Preliminary Account of Variation

in Bean Hybrids. Rep. Neb. Agric. Exp. Sta. 1901,

30-49.

1901. Fisher, P. Hybridizing the Carnation. Florists'

Exchange, xiii. 189-190.

1901. Foaden, G. P. Improvement of Egyptian Wheats.

Journ. Khediv. Agric. Soc. and School Agric. iii. 162-169.

1901. Foussat. Role of Artificial Pollination in Horticul-

ture. Journ. Soc. Nat. Hort. France, 4th ser. No. 2,

703-715.

1901. Fruhwirth, C. Die Ziichtung der landwirtschaftlichen

Kulturpflanzen. Berlin, i-x + 1-270.

1901. Gautier, A. Mechanism of Hybridization and the

Production of Races. Rev. Vit. xvi. 529-534, 557-564,

585-590.

1901. Gavillet, E. An Experiment on the Improvement of

Cereals. Chron. Agric. Canton Vaud, xiv. 498-502.



BIBLIOGRAPHY. 429

1901. Geerkens, A. Korrelations-und Vererbungs-Erschein-

ungen beim Roggen, inbesondere die Kornfarbe betref-

fend. Journ. Landwirt, xlix. 173-192.

1901. Goble, F. C. Progress in Cultivation of Carnation

and Varieties. Proc. X. J. Hort. Soc. 1901, 185-188.

1901. Goethe, R., et al. Report of the Viticultural Sta-

tion at Eibingen. Ber. K. Lehranst. Wein, Obst und
Gartenbau, Geisenheim, 26-56.

1901. Goethe, R. Self and Cross Pollination. Ber. K.

Lehranst. Wein, Obst und Gartenbau, Geisenheim, 62-

64.

1901. Goethe, R. Self and Cross Pollination : the Influ-

ence of Pollination on the Form of the Seed. Ber. K.

Lehranst. Wein, Obst und Gartenbau, 19-24 and 64-66.

1901. Goff, E. S. Study of Certain Conditions affecting

the Setting of Fruits. Wis. Exp. Sta. Rep. 289-303.

1901. Goff, E. S. Native Plums. Wis. Exp. Sta. Bull. 87,

1-31.

1901. Grandclement. Observations on Some New Direct

Producers. Prog. Agric. et Vit. (ed. L'Est.), xxii. 516-

525.

1901. Grandvoinnet, L. J. Congress for the Hybridization

of the Grape. Prog. Agric. et Vit. (ed. L'Est.), xxii.

709-714, 743-745, 771-774; xxiii. 46-51.

1901. Gross, E. Ziichtnngsversuche mit Gerste. Selection

nach Korngewicht und Kraft der Mutterpflanze. Ztschr.

Landw. Verschsw. Oesterr. iv. 929-954.

1901. Guignard, L. La double Fecondation dans le Mais.

Journ. Bot. (Paris), xv. 37-50.

1901. Halsted, B. D. Experiments in Crossing Plants.

N. J. Exp. Sta. Rep. 389-411.

1901. Halsted, B. D. Plant-Breeding and Improvement in

our Experiment Stations. N. J. Exp. Sta. Rep. 411-

419.



430 BIBLIOGRAPHY.

1901. Halsted, B. D. Some Results obtained in Cross-

Breeding Plants. Proc. N. J. Hort. Soc. 1901, 144-150,

182-183.

1901. Harraca, J. M., and E. La Production des Plantes.

Cinq lecons sur l'amelioration des plantes cultivees. Par

L. H. Bailey. Traduit de l'Anglais. 273 pp. Paris.

[Translation of Bailey's Plant-Breeding.]

1901. Harrison, J. B. Experiments with Sugar Cane.

Rep. of Agric. Work of Bot. Gard. (Brit. Guiana),

1896-1901, 12-133.

1901. Harshberger, John W. A Study of the Fertile Hy-
brids produced by Crossing Teosenthe and Maize. Cont.

from the Bot. Lab. Univ. of Penn. ii. 231-235.

1901. Harshberger, John W. The Limits of Variation in

Plants. From the Proc. of the Acad, of Nat. Sciences of

Philadelphia. Science, n. s. xiii. 251-252.

1901. Hays, W. M. Breeding Flax. Farm Students' Rev.

vi. 85-86.

1901. Hays, W. M. Progress in Plant and Animal Breed-

ing. U. S. Dept. Agric. Yearbook, 217-232.

1901. Hays, W. M. Plant-Breeding. Bull. 29, Div.

Veg. Phys. and Pathology, U. S. Dept. Agric. [Wheats].

1901. Hedrick, U. P. Tendency to Bisexuality in Straw-

berries. Am. Gar. xxii. 226.

1901. Henry, L. Variations dans les Lilas de Perse et les

Lilas Varin. Rev. Hort. lxxiii. 258.

1901. Henry, L. Nouvelle Recherches sur les Lilas de

Perse et Leurs Croisements. Rev. Hort. lxxiii. 39-42,

69-72, 93-95.

1901. Hen slow, G. Greenhouse Rhododendrons. Journ.

Roy. Hort. Soc. xxvi. 111.

1901. Henslow, G. Hybrid Hellebores. Journ. Roy. Hort.

Soc. xxvi. 112.

1901. Henslow, G. The Making and Unmaking of Flow-

ers. Journ. Roy. Hort. Soc. xxvi. 115-129.



BIBLIOGRAPHY. 431

1901. Hill, E. G. The Newer Roses. Florists' Exchange,

xiii. 264-265.

1901. Hillyer, H. B. Improving Farm Seeds. Am. Agric.

lviii. 580.

1901. Hurst, C.C. Mendel's Law applied to Orchid Hybrids.

Journ. Roy. Hort. Soc. xxvi. 688-695.

1901. Janczewski, E. de. Bastarde der Johannisbeeren.

Anzeiger der Akad. d. Wiss. in Krakau, Math. Natur-

wiss. Classe, No. 6, 295-303. (Bot. Centbl. lxxxviii.

159.)

1901. Kittlauss, K. A Report on Tests with Sport Varieties

of Oats in 1899. Deut. Landw. Presse, xxviii. 149 and
158.

1901. Kobus, J. D. Canes from Seed. Bull. Misc. Infor-

mation, Trinidad Bot. Dept., July, 363-364.

1901. Luccock, T. J. Breeding up Alfalfa possible. Am.
Agric. lxviii. 548.

1901. Mackintosh, R. S. Self-Sterility of Compass Cherry.

Am. Gard. xxii. 455.

1901. Masters, M. T. Hybrid Conifers. Gar. Chron. 3rd

ser. xxix. 129. Journ. Roy. Hort. Soc. xxvi. 97-110.

1901. Mendel, G. Experiments in Plant Hybridization.

Tran si. in Journ. Roy. Hort. Soc. Lond. xxvi. 1-32.

1901. Middleton, T. H. Improvement of Cereal Crops.

Journ. Newcastle Farmers' Club, 1-29.

1901. Miller, F. G., and Pammel, L. H. A Study on the

Germination and Growth of Leguminosse, especially with

Reference to Small and Large Seed. Proc. Soc. Prom.

Agric. Sci. 133.

1901. Moll, J. W. Die Mutation stheorie. Biolog. Central-

blatt, xxi. Mai.

1901. Mottet, S. On the Cross-fertilization or Hybridiza-

tion of Roses. Rev. Hort. lxxiii. 67-68. Transl. in

Am. Gar. xxii. 227-228.



432 BIBLIOGRAPHY.

1901. Mottet, S. Sur la Fecondation Croiese ou Hybrida-

tion des Hosiers. Rev. Hort. lxxiii. 67-68. Tran si.

Am. Gar. xxii. 227-228.

1901. Mottet, S. Galane Barbue Hybride Variee. Rev.

Hort. lxxiii. 326-327.

1901. Murbeck, Sv. Parthenogenetische Embryobildung in

der Gattung Alchemilla. Lunds. Univ. Arsskrift, xxxvi,

pt. 2, 46. (Bot. Centbl. lxxxvi. 119.)

1901. Murbeck, Sv. Ueber das Verhalten des Pollen-

schlauches bei Alchemilla arvensis und das Wesen der

Chalazogamie. Lunds. Univ. Arsskrift, xxxvi, pt. 2.

(Bot. Centbl. lxxxvi. 121.)

1901. Neale, A. T. Pedigreed Sorghum as a Source of Cane

Sugar. Del. Exp. Sta. Bull. 51, 3-21.

1901. Nilsson, N. H. Improvement of Cereals during the

Last Ten Years. K. Landt. Akad. Handl. Tidskr. xl.

149-162.

1901. O'Brien, J. Hybridization and Raising of Orchids.

Gar. Chron. 3d ser. xxx. 317, 318.

1901. Pacottet, P. Artificial Pollination of Grapes. Rev.

Vit. xv. 658-660.

1901. Patten, C. G. Propagating New Varieties of Tree

Fruits from Seed. Am. Gar. xxii. 379-380. Nat.

Nurseryman, ix. 197-198.

1901. Pearson, K., Lee, A., Warren, E., Fry, A., Fawcett,

C. D. On the Principles of Homotyposis and its Rela-

tion to Heredity, to the Variability of the Individual, and

to that of the Race. I. Homotyposis in the Vegetable

Kingdom. Proc. Roy. Soc. Lond.

1901. Price, Homer C. Plant-Breeding. Iowa Hort. Soc.

429-434.

1901. Rivoire, Ph. Le Pere et la Mere d'Une Variete de

Chrysantheme. Rev. Hort. lxxiii. 449.

1901. Sajo, Karl. Einfluss Verschiedener Pflanzenvarie-



BIBLIOGRAPHY. 433

t'aten mid Arten aufeinander bei der Befruchtung und

bei Veredelungen. Prometheu, Jahrgang xi. Nos. 534,

535, 536. (Bot. Centbl. lxxxv. 211.)

1901. Saunders, W. Cross-Fertilization of Apples. Rep.

Ontario Fruit Growers 1 Assoc. 34.

1901. Schribaux, E. Sur la Creation de Bles Riches en

Gluten. Journ. Agric. Prat. n. s. i. 274-277. Semaine

Agric. xxi. 68-69.

1901. Sham el, A. D. Seed Corn and Some Varieties for

Illinois. Breeders' Gaz. xl. 882-884.

1901. Spillman, W. J. Quantitative Studies on the Trans-

mission of Parental Characters in Hybrid Offspring. 15

Ann. Proc. Assoc. Amer. Agr. Coll. and Exp. Sta.

1901. Sprenger, C. Sur l'Histoire des Cannas a Fleurs

d'Orchidees Dits Cannas Italiens. Rev. Hort. lxxiii.

446-447.

1901. Stoll,P. H. Eine Spelz-Neuzuchtung. Deut. Landw.

Presse. xxviii. 840.

1901. Trelease, Wm. A Suggested Hybrid Origin of Yucca

gloriosa. Proc. Am. Asso. Adv. Sci. 1. 322.

1901. Tschermak, E. Weitere Beitrage iiber Verschie-

denwerthigkeit der Merkmale bei Kreuzung von Erbsen

und Bohnen. Ztschr. Landw. Versuchsw. Oesterr. iv. 641-

731.

1901. Tschermak E. Ueber Correlation zwischen vegetati-

ven und sexualen Merkmalen an Erbsenmischlingen.

Ber. Deut. Bot. Gesells. xx.

1901. Tschermak, E. Ueber Ziichtung neuer Getreideras-

sen mittelst kiinstlicher Kreuzung. Ztschr. Landw.

Versuchsw. Oesterr. iv. 1029-1060.

1901. Vilcoq, A. L'Hybridation des Bles. Journ. Agric.

Prat. n. s. ii. 367-370, 396-400.

1901. Von Riimker. Breeding of Sugar Beets. Mitt.

Pent. Landw. Gesells. xvi. 148-149.



434 BIBLIOGRAPHY.

1901. Von Riimker. Breeding Sugar Beets. Jahrb. Dent.

Landw. Gesells. xvi. 219-231.

1901. Waugh, F. A. Plums and Plum Culture. New
York (Judd. Co.), 1-371. (Chapters on Hybrid Plums
and Pollination.)

1901. Waugh, F. A. Hybrid Plums. Third Report.

Vt. Exp. Sta. Rep. xiv. 269-277.

1901. Webber, H. J. Loss of Vigor in Corn from Inbreed-

ing. Abstract in Science, n. s. xiii. 257-258.

1901. Webber, H. J. Plant-Breeding, in Bailey's Cyclo-

pedia of American Horticulture, iii. 1363.

1901. White, C. A. Varietal Mutation in the Tomato.

Science, xiv. 841-844.

1901. White, C. A. The " Mutationstheorie " of Professor

de Vries. Rep. Smithsonian Inst. 631-640.

1901. Worsley, A. Hybridization in Amarylleae. Gar.

Chron. 3d ser. xxix. Nos. 734-738, Jan. 19 to Feb. 16.

1901. Wyatt, C. G. Origin and Development of the Cactus

Dahlia. Journ. Roy. Hort. Soc. Loud. xxvi. 467-477.

1902. Andre, E. Les Hellebores hybrides. Rev. Hort.

lxxiv. 384-386.

1902. Argutus. Orchids— Two New Natural Hybrids.

Garden, lxii. 182.

1902. Arnott, S. Hybrid Aquilegias. Garden, lxi. 202.

1902. Bailey, L. H. Luther Burbank, a Breeder of New
Fruits and Flowers. World's Work, ii. 1209.

1902. Bateson, W. Mendel's Principles of Heredity. A
Defence. With a translation of Mendel's original papers

on hybridization. University Press, Cambridge, Eng-

land. 212 pp., with portrait of Mendel.

1902. Bateson, W., and Miss E. R. Saunders. Experi-

mental Studies in the Physiology of Heredity. Report I

to Evolution Committee of the Royal Society. London,

160 pp.



BIBLIOGRAPHY. 435

1902. Beach, S. A. Influence on Self-fertility of Girdling

or Bending the Canes. N. Y. State Exp. Sta. Bull. 223,

269-270, 282-290. N. Y. State Exp. Sta. Rep. xxi. 381-

389.

1902. Beach., S. A. Potency of the Pollen of Self-sterile

Grapes. N. Y. State Exp. Sta. Bull. 223,269-282. N. Y.

State Exp. Sta. Rep. xxi. 364-381.

1902. Bellair, G. Les Hybrides de Begonia schmidtiana.

Rev. Hort. lxxiv. 387-388.

1902. Beijerinck, M. W. On Different Forms of Heredi-

tary Variations of Microbes. Kon. Akad. v. Weten-

schappen Amsterdam. Proc. Meeting of Oct. 27, 1900,

14 pp. (Bot. Centbl. Ixxxvi. 7.)

1902. Bliss, A. J. Fertilization of Sweet and Everlasting

Pea. Gar. Chron. 3d ser. xxxii. 444.

1902. Boas, Franz. The Relations between the Variability

of Organisms and that of their Constituent Elements.

Science, n. s. xv. 1.

1902. Bonnet, A. Study of Grape Seeds. Ann. Ecole

Nat. Ag. Montpellier, n. s. ii. 73-134.

1902. Booth, N. O. A Study of Grape Pollen and what the

Results Indicate. N. Y. State Exp. Sta. Bull. 224,

291-302. N. Y. State Exp. Sta. Rep. xxi. 390-400.

Am. Gard. xxiii. 767-768, 784-785; abstract.

1902. Boyle. On Culture of Greenhouse Orchids. Nature,

lxvi. 59.

1902. Britcher, H. W. Variation in Trillium grandi-

florum. Me. Exp. Sta. Bull. 86, 169-196.

1902. Burbidge, F. W., and Colgan, N. A New Senecio

Hybrid. Irish Nat. xi. 311-317.

1902. Burbidge, F. W. Selection vs. Hybridism. Gar.

Chron. 3d ser. xxxii. 449-453.

1902. Burbidge, F. W. Spontaneous Hybrids. Gar.

Chron. 3d ser. xxxii. 233.



436 BIBLIOGRAPHY.

1902. Cannon, W. A. A Cytological Basis for the Men-

delian Laws. Bull. Torr. Bot. Club, xxix. 18. Re-

printed as No. 197 of Contributions from the Depart-

ment of Botany of Columbia University.

1902. Card, F. W., and Sprague, L. P. Strawberry Seed-

lings. R. I. Exp. Sta. Rep. xv. 253-262.

1902. Card, F. W., and Sprague, L. P. Corn Selection.

R. I. Exp. Sta. Rep. xv. 211-216.

1902. Carleton, M. A. Improvement in Wheat Culture. 13

Rep. State Bd. Agric, Kansas, xviii. 199-501.

1902. Cayeux, F. Un Nouveau Pavot hybride (Papaver

piloso-bracteatum) . Rev. Hort. lxxiv. 525-528. Abs. in

Am. Gar. xxiii. 783.

1902. Close, C. P. Pear Self-pollination; Peach Self-polli-

nation ; Apple Pollinations. Del. Exp. Sta. Rep. xiv.

99-102.

1902. Cockerell, T. D. A. Material for Natural Selection.

Nature, Lxvi. 607-608.

1902. Cook, O. F. Evolution in Coffee; Mutations de-

scribed and a Cause suggested. Abs. in Science, n. s.

xvi. 916.

1902. Correns, C. Ueber den Modus und den Zeitpunkt

der Spaltung der Anlagen bei den Bastarden vom
Erbsen-Typus. Bot. Ztg. 66-82.

1902. Correns, C. Scheinbare Ausnahmen von der Men-

del'schen Spaltungsregel fiir Bastarde. Ber. Deut. Bot.

Gesells. xx. 159-172.

1902. Correns, C. Ueber Bastardirnngsversuche mit Mi-

rabilis Sippen. Ber. d. Deut. Bot. Gesells. xx. 591-608.

1902. Coupin, Henri. Les Idees nouvelles sur la Greffe.

Nature. Paris, xxx. 203.

1902. Daniel, L. Sur une Modification produite chez le

Scopolia Carnioliea a la Suite de sa Greffe sur Tomate.

Compt. Rend. Acad. Sci. Paris, cxxxv. 481-482.



BIBLIOGRAPHY. 437

1902. Daniel, L. Les Variations specifiques dans la Greffe,

ou Hybridation asexuelle. Troisieme Congres Internat.

de Defense contre la Grele et de l'Hybridation de la

Vigne. Lyons Soc. Reg. Vit. ii. 262-365. Abs. Rev.

Hort. lxxiv. 414-416.

1902. Dean, R. Dr. Charles Stuart. Garden, lxi. 132.

1902. De Vries, Hugo. My Primrose Experiments. Inde-

pendent, 2285 (Sept.).

1902. De Vries, Hugo. Ueber tricotyle Rassen. (Vorl'au-

fige Mittheilung) Ber. Deut. Bot. Gesells. xx. 45-54.

1902. Druery, C. T. Sports and Bud-variations as Factors

in Evolution. Gar. Chron. 3d ser. xxxii. 317.

1902. Duncan, Frances. Rhododendrons in America. At-

lantic Monthly, lxxxix. 645.

1902. (Editorial.) Improvement of Hardy Flowers. Gar-

den, lxi. 101-102.

1902. (Editorial.) Literature on Potato Hybridization.

Gar. Chron. 3d ser. xxxii. 408.

1902. (Editorial.) Plant-Breeders in United States. Gar.

Chron. 3d ser. xxxi. 340.

1902. (Editorial.) Report of International Conference on

Hybridization. Gar. Chron. 3d ser. xxxii. 159-160, 308,

327, 329, 354, 422, 449, 462. See Journ. Roy. Hort. Soc.

xxiv.

1902. (Editorial.) Hybrids. Gar. Chron. 3d ser. xxxii.

7,22.

1902. (Editorial.) Alleged Cross between Dwarf Bean

and a Pea. Gar. Chron. 3d ser. xxxi. 96.

1902. (Editorial.) Mr. Burbank and his Work. Gar.

Chron. 3d ser. xxxii. 60.

1902. Emerson, R. A. Preliminary Account of Variation

in Bean Hybrids. Neb. Exp. Sta. Rep. xv. 30-43.

1902. Emerson, R. A. Sand Cherry in Cultivation. Agri-

culture [Neb.], i. 9-11.



438 BIBLIOGRAPHY.

1902. Evans, Walter H. International Conference on Plant-

Breeding and Hybridization. Exp. Sta. Record, xiv. No.

3, 208-222.

1902. Ewert. Self-sterility of Orchard Fruits. Proskaner

Obstban-Ztg. vii. 161-166.

1902. Fairchild, D. G. Station for Plant-Breeding at Sva-

lof, Sweden. Exp. Sta. Rec. xiii. 814-819.

1902. Fischer, M. Einige Nachtrage iiber Pflanzenziich-

tung. I. Winterhafer. Fiihling's Landw. Ztg. li. 411-415.

1902. Fischer, M. Einige Nachtrage iiber Pflanzenziich-

tung. II. Die schwedische Felderbse. Fiihling's Landw.
Ztg. li. 529-532.

1902. Fowler, J. G. List of Orchids used in Fertilization

of Hybrids which have received either First-class Certifi-

cates or Awards of Merit from the Royal Horticultural

Society to Dec. 31, 1901. Journ. Roy. Hort. Soc. xxvi.

696-723.

1902. Fraser, Samuel. Pastures and Meadows. Bull. 10,

Farmer's Reading-Course, Cornell Univ. Coll. of Agric,

Ithaca, N. Y. March. [Contains brief discussion of

why grasses "run out," and similar topics.]

1902. Galloway, B. T. Industrial Progress in Plant-Work.

Year Book U. S. Dept. Agric, 219-230.

1902. Gillot, H. Notes sur quelques Rosiers hybrides. Bull.

Soc. Bot. Fr. 324-338.

1902. Green, S. B., and Mackintosh, R. S. Outline of

Greenhouse Laboratory Work. Minn. Exp. Sta., Class

Bull. 12, 1-72. [Contains exercises in pollination.]

1902. Greene, G. O. Problems in Orchard Pollination.

Industrialist, xxix. 163-178. [State Agric. Coll., Ivans.]

1902. Greignan, M. (Review of) Specific Variation caused

by Grafting. Gar. Chron. 3d ser. xxxii. 409.

1902. Guillon, J. M. Hybrid Direct Producers in Calca-

reous Soils. Troisieme Congres Internat. de Defense



BIBLIOGRAPHY. 439

contre la Grele et de l'Hybridation de la Vigne. Lyons

Soc. Reg. Vit. ii. 128-135.

1902. Halsted, B. D., and Kelsey, J. A. Experiments in

Crossing Plants. N. J. Exp. Sta. Rep. 377-395.

1902. Hansen, N. E. Study of Northwestern Apples.

S. D. Exp. Sta. Bull. 76, 1-143.

1902. Hart, J. H. Seedling Sugar Canes at Experiment

Station. Bull, of Misc. Information, No. 34, Bot. Dept.,

Trinidad, 454.

1902. Hartley, C. P. Injurious Effects of Premature Polli-

nation. U. S. Dept. Agric. Plant Industry, Bull. 22, 1-39.

1902. Hartley, C. P. Improvement of Corn by Seed Selec-

tion. U. S. Dept. Agric. Yearbook, 539-552.

1902. Harwood, W. S. Breeding New Wheats. World's

Work, ii. 745.

1902. Harwood, W. S. Breeding New Kinds of Corn.

World's Work, iv. 2502.

1902. Hays, W. M. Variation in Cross-Bred Wheat.

U. S. Dept. of Agric. Office Exp. Sta. Bull. 115, 98-

101.

1902. Hefka, A. The Hybridization of Orchids and their

Culture from Seed. Moller's Deutsche Gart. Ztg. xvii.,

No. 1, 4-7.

1902. Henry, L. Nouveaux Lilas Hybrides. Rev. Hort.

Ixxiv. 40-41.

1902. Hopkins, C. G. Methods of Corn-Breeding. 111.

Exp. Sta. Bull. No. 82, 525-539.

1902. Hurst, C. C. Experiments in Plant Hybridization.

Orchid Rev., Feb.

1902. Hurst, C. C. Mendel's Law applied to Orchid Hy-

brids. Journ. Roy. Hort. Soc. Lond. xxvi. 688-695;

xxvii. 614-624.

1902. Jensen, J. Graft of Hybrid Cratsegus-Mespilus. Am.
Gar. xxiii. 638.



440 BIBLIOGRAPHY.

1902. Jordan, A. T. Variation in Fruits. Proc. N. J. Hort.

Soc, 83-85.

1902. Kellogg, R. M. New Ideas in Strawberry Growing.

Mich. Farmer; Can. Hort, xxv. 232-231.

1902. Kirsche, A. Ein Beitrag zur Ziichtungsmethode.

Deut. Landw. Presse, xxix. 18-19.

1902. Ladd, E. F. Selection of Wheat and Corn. N. D.

Exp.Sta. Rep. 27-30.

1902. Ladhams, E. Lobelia syphilitica Hybrids. Garden,

lxii. 255.

1902. Lauman, G. N. Review of Korschinsky's " Hetero-

genesis und Evolution." Bot. Gaz. xxxiii. 396.

1902. Lauman, G. X. Review of Goebel's reprint of Men-

del's " Versuche iiber Pflanzen-hybriden." Bot. Gaz.

xxxiii. 475.

1902. Leclercq, E. Seed Selection in Belgium. L'Ing.

Agric. Gembloux, xiii. 75-81.

1902. Lyle, E. P. Plant Making in a Dutch Garden. Every-

body's Magazine, vi. 596. [Account, with portrait and

illustrations, of the work of De Vries.]

1902. Lyon, T. L. Adaptation and Improvement of Win-

ter Wheat. Neb. Exp. Sta. Bull. 72, 1-23.

1902. MacDougal, D. T. Origin of Species by Mutation.

Torreya, ii. Nos. 5, 6, 7.

1902. MacDougal, D. T. Professor de Vries' Experiments

upon the Origin of Species. Independent, 2283. (Sept.)

1902. Marti, G. Hybrid Oranges in Texas. Fla. Times-

Union and Citizen for Aug. 15, 6. (Rural New-Yorker,

lxi.)

1902. Massart, Jean. L'Accommodation Individuelle chez

Polygonum amphibium. Excerpt from Bull. d. Jard.

Bot. de l'etat a Bruxelles, Vol. i. Fasc. 2.

1902. Massart, Jean. Sur la Pollination sans Fecondation.

Bull. Jard. Bot. de l'etat a Bruxelles, Vol. i. Fasc. 3.



BIBLIOGRAPHY. 441

1902. McDonald, Donald. Fertilization of Sweet Pea.

Gar. Chron. 3d ser. xxxii. 402.

1902. Meehan, T. The Bartrain Oak in Connection with

Variation and Hybridism. Proc. Acad. Nat. Sci. Phila.

33-34.

1902. Mottet, S. Les Coniferes Hybrides. Kev. Hort.

lxxiv. 161-164.

1902. Nolc, J. Ziichtiing botanisch reiner Formen bohm-

ischer Gerste auf Grund deren erblicher Eigenschaften.

Deut. Landw. Presse, xxix, 239-240; 248.

1902. Oberlin, C. De l'Hybridation a Beblenheim. Troi-

sieme Congres Internat. de Defense contre la Grele et de

l'Hybridation de la Vigne. Lyons Soc. Reg. Vit. ii. 78-91.

1902. Orpet, E. O. A New Yellow Calla. Am. Gar. xxiii.

463.

1902. Pearson, K. On the Fundamental Conceptions of

Biology. Biometrika, i. 320-345.

1902. Perry, A. Improvement of Hardy Flowers. Gar-

den, lxi. 49-50, 70-71.

1902. Pierce, G. J. Some Neglected Factors in Discussions

of Heredity. Science, n. s. xvi. 137.

1902. Powell, Harold G. How Plants are Improved. Mo.

Hort. Soc. Rep. xlv. 164-166.

1902. Purdy, C. Mr. Burbank and his Work. Garden,

lxi. 361-362.

1902. Purdy, C. Mr. Burbank's Hybrid Lilies. Garden,

lxi. 54-55.

1902. Remy. Neue Ergebnisse und Ziele unserer Versuchs-

thatigkeit auf dem Gebiete des Gersten-und Hopfenbaues.

Deut. Landw. Presse, xxix. 706, 715-717.

1902. Richer, P. P. Experiences sur la Germination des

Graines de Pollen en Presence des Stigmates. Compt.

Rend. Acad. Sci. Paris, cxxxv. 634-636.

1902. Roy-Chevrier, J. Vinification des Hybrides. Troi-



442 BIBLIOGRAPHY.

sieme Congres Internat. de Defense contre la Grele et de

1'Hybridation de la Vigne. Lyons Soc. Reg. Vit. ii.

139-142.

1902. Saunders, W. Cross Bred Fruits. Rep. Conn. State

Bd. of Agric. 129-133.

1902. Saunders, AY. Further Experiments in Plant- Breed-

ing at the Experimental Farms. Proc. and Trans. Roy.

Soc. Can., 2d ser. viii. 115-123.

1902. Saunders, W. Improvement in Cereals. Conn. State

Bd. Agric. Rep. 119-129.

1902. Schwendener. tlber den gegenwartigen Stand der

Descendenzlehre in der Botanik. Naturwiss. Wochen-

schrift, ii. 124.

1902. Selkirk, H. Experiments in Hybridizing. Garden,

lxi. 318-319.

1902. Sempolowski, H. Einiges iiber die Getreideziichtung

im Konigreich. Deut. Landw. Presse, xxix.

1902. Sham el, A. D. Corn Culture and Breeding. 13 Bien.

Rep. Kan. Bd. Agric. xviii. 785-817.

1902. Shaw, W. R. Improvement of the Castor Plant. Okla.

Exp. Sta. Bull. 54, 1-10.

1902. Shepperd, J. H., and Ten Eyck, A. M. Plant-Breed-

ing Work of the Station. N. D. Exp. Sta. Rep. 66-122.

1902. Shinn, C. H. A Wizard of the Garden. The Land
of Sunshine, xiv. 96-110, 182-189, 276-289.

1902. Spillman, W. J. Exceptions to Mendel's Laws. Sci-

ence, n. s. xvi. 709, 794.

1902. Spillman, W. J. Quantitative Studies on the Trans-

mission of Parental Characters to Hybrid Offspring.

U. S. Dept. of Agric. Office Exp. Sta. Bull. 115, 88-89.

1902. Sprenger, C. H. Hybrid Narcissus. Gar. Chron. 3d

ser. xxxi. 172.

1902. Sutton, Arthur. Crossing among Cabbages. Gar.

Chron. 3d ser. xxxi. 109.



BIBLIOGRAPHY. 443

1902. Swoboda, G. Bericht iiber die Saatgetreidezuchtsta-

tion in Olbersdorf. Ztschr. Landw. Versuchsw. Oesterr.

v. 1272-1288.

1902. Terracciano, A. Biology of Asexual Reproduction

of Flowering Plants. Contrib. Biol. Veg. Roy. 1st. Bot.

Palermo, iii. 1-68.

1902. Tobler, F. Fortschritte der pflanzlichen Bastardfor-

schung. Nat. Rundsch. xvii. 640-642.

1902. Tschermak, Erich. Ueber ration elle Neuziichtung

durch kiinstliche Kreuzung. Deut. Landw. Presse, xxix.

748-749.

1902. Tschermak, Erich. Ueber Correlation zwischen

vegetativen und sexualen Merkmalen an Erbsenmisch-

lingen. Ber. Deut. Bot. Gesells. xx. 17-21.

1902. Tschermak, Erich. Der gegenwartige Stand der

Mendel'schen Lehre und die Arbeiten von W. Bate-

son. Ztschr. Landw. Versuchsw. Oesterr. v. 1365-

1392.

1902. Tschermak, Erich. Ueber den Einfluss der Best'au-

bung auf die Ausbildung der Fruchthiillen. Ber. Deut.

Bot. Gesells. xx. 7-16.

1902. Tschermak, Erich. Ueber die gesetzmassige Gestalt-

ungsweise der Mischlinge. Ztschr. f. d. Landw. Ver-

suchsw. Oesterr. v. 781-861.

1902. Tucker, G. M. Corn Improvement in Missouri.

Mo. Exp. Sta. Bull. 59, 73-91.

1902. Twight, E. H. Resistant Vines and their Hybrids.

Cal. Exp. Sta. Bull. 148, 1-13.

1902. Ulrich, K. Pollination and Fecundation of Rye.

Inaug. Diss. Univ. Jena, 1-63.

1902. Vivian d-Morel. New Hybrids [Roses] to Aim At.

Journ. Roy. Hort. Soc. Lond. xxvii. 493-502.

1902. Waugh, F. A. Japanese Hybrid Groups of Plums.

Vt. Exp. Sta. Rep. xv. 265-267.



444 BIBLIOGRAPHY.

1902. Webber, H. J. Improvement of Cotton by Seed

Selection. U. S. Dept. Agric. Yearbook, 365-386.

1902. Webber, H. J., and Orton, W. A. Cowpea Resistant

to Root Knot. U. S. Dept. Agric. Bureau of PI. Ind.

Bull. 17, 23-28. [Contains discussion on breeding

resistant plants.]

1902. Weismann, A. Vortr'age uber Descendenz-theorie.

Jena.

1902. Weldon, W. F. R. Professor de Vries on the Origin

of Species. Biometrika, i. 365-375.

1902. Weldon, W. F. R. On the Ambiguity of Mendel's

Categories. Biometrika, ii. 41-56.

1902. Weldon, W. F. R. Change in Organic Correlation

of Ficaria ranunculoides during the Flowering Season.

Biometrika, i. 125-128.

1902. Weldon, W. F. R. Mendel's Laws of Alternative

Inheritance in Peas. Biometrika, i. 228-254.

1902. Wettstein, R. von. Ueber directe Anpassung (Vor-

trag, gehalten in der feierlichen Sitzung der kaiserlichen

Akademie der Wissenschaften am 28 Mai). Wien, 1-27.

1902. White, Chas. A. My Tomato Experiments. Inde-

pendent, 2460 (Oct. 16). [Comment in a subsequent

issue by Professor E. J. Wickson.]

1902. Willard, J. T., R. W. Clothier, and F. C. Weber.

Analyses of Corn with Reference to its Improvement.

Kan. Exp. Sta. Bull. 107, 57-98.

1902. Winchester, Luther. Plant-Breeding. Mo. Hort.

Soc. Rep. xlv. 312-318.

1902. Wing, De Witt C. Suggestions about Corn for

Planting. 13 Bien. Rep. Kan. State Bd. Agric. xviii. 784.

1903. Ames, Oakes. Natural Hybrids in Spiranthes and

Habenaria. Rhodora, v. 261-264.

1903. Atkinson, James. Improvement of Farm Crops.

Quarterly Rep. Kan. Bd. of Agric. xxii. No. 85, 136-140.



BIBLIOGRAPHY. 445

1903. Bailey, L. H. New Ideals in the Improvement of

Plants. Country Life in America, iv. 181-185.

1903. Bailey, L. H. Crossing, Mendel's Law. Science,

n. s. xvii. March, 441-454.

1903. Bailey, L. H. The Forward Movement in Plant-

Breeding. Proc. Am. Phil. Soc. xlii., No. 172, 54. [Re-

printed on pages 202-226 of Plant-Breeding.]

1903. Bailey, L. H. The Question of Varieties. Western

Fru it-Grower, xiv. 1-4.

1903. Bailey, L. H. The Whole Question of Varieties.

Trans. Amer. Assoc. Nurserymen, 28-34. [Contains a

section on "The New Plant-Breeding."]

1903. Bateson, W. Note on the Resolution of Compound
Characters by Cross-Breeding. Proc. Camb. Phil. Soc.

xii. 50-54.

1903. Beach, S. A. " Headlight," a new early grape of the

Delaware group. Am. Gard. xxiv. 365.

1903. Beach, S. A. Grape-Breeding. Paper read at first

annual meeting Society for Horticultural Science, Dec.

1903
;
published in 1905 Proceedings of the Society.

1903. Beauverd, G. Un Cas de Dissociation d'Hybride

chez le Primula vulgaris x P. officinalis (P. brevistyla,

D. C), Bull. Herb. Bois. 2d ser. ii. 567.

1903. Bedford, S. A. Cross-Bred Apples. Rep. Can. Exp.

Farms, 340-342.

1903. Bellair, G. Nicotianas Hybrides de Seconde Genera-

tion. Rev. Hort. lxxv. 54-55.

1903. Biffen, R. H. Wheat-Breeding. Proc. Camb. Phil.

Soc. xii. 279-283.

1903. Biffen, R. H. Experiments on Wheat. Nature

(Lond.), lxix. 92-93.

1903. Bitter, G. Fertilitats-Nachweis einer vermeintlich

sterilen, rein weiblichen Sippe der Salvia pratensis " var.

apetala hort." Ber. Deut. Bot. Gesells. xxi. 458-466.



446 BIBLIOGRAPHY.

1903. Blinn, B. K. Cantaloupe Seed. Bull. 85, Colo.

Exp. Sta. 1-8.

1903. Bourguin, J., et Favre, J. Les Hybrides des Primula

de la Flore neuchateloise. Le Rameau de Sapin, xxxvii.

14-16, 23-24, 26-28.

1903. Briem, H. Beitrag zur Kenntnis der Individuality

des Riibeiisamens. Oestrr.-Ung. Zeitschr. fiir Zucker-

industrie uud Landw.

1903. Buchanan, R. E. Contribution to our Knowledge of

the Development of Prunus Americana. Proc. Iowa

Acad. Sci. 77-93.

1903. Bull, W. C. The Gladiolus. Garden, lxiv. 252-253,

265.

1903. Cannon, W. A. Studies in Plant Hybrids : the Sper-

matogenesis of Hybrid Cotton. Bull. Torr. Bot. Club,

xxx. 133-172.

1903. Cannon, "W. A. Studies in Plant Hybrids: the Sper-

matogenesis of Hybrid Peas. Bull. Torr. Bot. Club,

xxx. 519-543.

1903. Card, F. W., and Stene, A. E. Ilex. R. I. Exp. Sta.

Rep. xvi. 222-223.

1903. Card, F. W., and Stene, A. E. Corn Selection. R. I.

Exp. Sta. Rep. xvi. 214-216.

1903. Card, F. W. Bush-Fruits. R. I. Exp. Sta. Bull. 91,

108-112. [Discussion of Selection, Crossing, and

Varieties.]

1903. Castle, W. E. The Heredity of Sex. Bull. Museum
Comp. Zool. at Harvard College, xl. Xo. 4.

1903. Castle, W. E. Mendel's Law of Heredity. Proc. Am.
Acad, of Arts and Sci. xxxviii. Xo. 18.

1903. Cook, O. F. Evolution, Cytology, and Mendel's Laws.

Pop. Sci. Monthly, July, 219.

1903. Corbett, L. C. Blind vs. Flowering Wood for Rose

Cuttings. Am. Florist, xx. 298-300.



BIBLIOGRAPHY. 447

1903. Correns, C. Ueber die dominirenden Merkmale der

Bastarde. Ber. Deut. Bot. Gesells. xxi. 133-147.

1903. Correns, C. Weitere Beitrage zur Kenntniss der

dominirenden Merkmale und der Mosaikbildung der

Bastarde. Ber. Deut. Bot. Gesells. xxi. 195-201.

1903. Correns, C. Die Merkmalspaare beim Studium der

Bastarde. Ber. Deut. Bot. Gesells. xxi. 202-210.

1903. Correns, C. Neue Untersuchungen auf dem Gebiet

der Bastardirungslehre. Herbst 1901 bis Herbst 1902.

Bot. Ztg. 2 Abt. lxi. 114-126
;

(Bot. Centbl. xcii. 481-

488).

1903. Coutagne, G. Sur les Facteurs Elementaires de

l'Heredite. Compt. Rend. Acad. Sci. Paris, cxxxvii.

1075-1077.

1903. Coutagne, G. Sur les Croisements entre Taxies Dif-

ferentes. Compt. Rend. Acad. Sci. Paris, cxxxvii. 1290.

1903. Dacque, E. Der Descendenzgedanke und seine Ge-

schichte vom Altertum bis zur Neuzeit. Miinchen,

1-119.

1903. Daniel, L. Sur un hybride de Greffe entre Poirier

et Coignassier. Rev. Gen. Bot. xvi. 5-14.

1903. Daniel, L. Un Nouvel hybride de Greffe. Compt.

Rend. Acad. Sci. Paris, cxxxvii. 765-767.

1903. De Vries, Hugo. La Loi de Mendel et les Corectures

constantes des hybrides. Compt. Rend. Acad. Sci. Paris.

1*903. De Vries, Hugo. Sur la Relation entre le Caractere

des Hybrides et ceux de leurs Parents. Rev. Gen. Bot.

xv. 241-252.

1903. De Vries, Hugo. Twee nieuwe Mutatien. Album
der Xatuur, 153-169.

1903. De Vries, Hugo. Origin of Species. Pop. Sci.

Monthly, April, 481.

1903. De Vries, Hugo. Die Mutation stheorie. Zweiter

Band. Elementare Bastardlehre. Leipzig.



448 BIBLIOGRAPHY. .

1903. De Vries, Hugo. On Atavistic Variation in Oenoth-

era cruciata. Bull. Torr. Bot. Club, Feb. 28.

1903. Doncaster, L. Experiments in Hybridization, with

Special Reference to the Effect of Conditions on Domi-

nance. Phil. Trans. Roy. Soc. cxcvi. 119-173.

1903. Druery, C. T. Variation, Wild and Cultural. Gar.

Chron. 3d ser. xxxiv. 418.

1903. (Editorial.) Curious Plant-Breeding Station in

Sweden. Sci. American, lvi. 23,064.

1903. (Editorial.) Agriculture at the American Associa-

tion Meeting. Exp. Sta. Record, xiv. 520-513. [Men-

delism, etc.]

1903. Elliott, W. Breeding Apples in Minnesota. Proc.

Amer. Pomol. Soc. 124-125.

1903. Emerson, R. A. Heredity in Bean Hybrids. (Phaseo-

lus vulgaris.) Neb. Exp. Sta. Rep. 33-68.

1903. Emery. Gedanken zur Descendenz- und Vererbungs-

theorie. X. Zur Determinantenlehre; Variation und Mu-

tation. Biol. Centbl. xxiii. 354-363.

1903. Erikson, J. Nagra Hybrida och andra Anmark-

ningsvarda former fran ostra Skane. Bot. Notiser,

239-246.

1903. Ewert. Eine unfruchtbare Johannisbeere. Garten-

flora, lii. 210-218.

1903. Fischer, M. EinigeNachtrage uberPflanzenzuchtung.

Fiihling's Landw. Ztg. lii. 55-59.

1903. Fruwirth, C. Zur Frage des Verhaltens der Eigen-

schaften verschiedener Gersten- und Hafersorten bei

mehrjahrigem Anbau an einem Orte. Journ. fur

Landw.

1903. Fruwirth, C. Referate iiber neuere Arbeiten auf

dem Gebiete der Pflanzenziichtung. Journ. fiir Landw.

li. 223-230, 371-387.

1903. Giard, A. Caracteres dominantes transitoires chez



BIBLIOGRAPHY. 449

certains hybrides. Compt. Rend. ' Hebd. des Seances

Soc. Biol. lv.

1903. Gilbert, E. G. The Oxlip, Cowslip, and Primrose.

Journ. Bot. xli. 280.

1903. Gregory, R. P. Seed Characters of Pisum sativum.

New Phytologist, ii. 226-228.

1903. Grignan, G. T. Quelques Resultats Recents de l'Hy-

bridation des Orchidees. Rev. Hort. Ixxv. 81-83.

1903. Grille, M. Sur un hybride vrai de Chasselas par

Vigne vierge (Ampelopsis hederacea). Compt. Rend.

Acad. Sci. Paris, cxxxvii. 1300-1301.

1903. Grille, M. Sur Divers hybrides de Vigne. Assoc.

Fr. pour l'Avanc. Sci. Comos, 760.

1903. Guyer, F. Michael. Some Notes on Hybridism,

Variation, and Irregularities in the Division of the Germ
Cells. [Review of paper presented before Dec, 1891,

meeting of American Morphological Society.] Science,

n. s. xv. 530-531.

1903. Hall, F. H., Beach, S. A., Booth, N. O. Grape Pollen

and Pollination. N. Y. State Exp. Sta. Bulls. 223 and

224 ; Pop. Ed. 1-8.

1903. Halsted, B. D., and Kelsey, J. A. Experiments in

Crossing Plants. N. J. Exp. Sta. Rep. 463-497.

1903. Handel-Mazzetti, H. F. von. Pflanzenbastarde aus

Nieder-Oesterreich. Verhandl. d. K. K. Zool. Bot.

Gesells. liii. 358.

1903. Hansen, N. E. Elements of Prairie Horticulture.

S. D. Exp. Sta. Bull. 81, 67-110.

1903. Harshberger, John W. The Mutation of Hibiscus

Moscheutos. Proc. Acad. Nat. Sci. Phila. lv. pt. 2, 306.

1903. Hoffmann, M. Die Zelle als Selectives Merkmal in

der Rubenzucht. Bl'att fur Zuckerriib.

1903. Holden, P. G., et al. Selecting and preparing Seed

Corn. Iowa Exp. Sta. Bull. 68, 273-286.



450 BIBLIOGRAPHY.

1903. Hopkins, C. G., Smith, L. H., East, E. M. Structure

of the Corn Kernel and the Composition of its Different

Parts. 111. Exp. Sta. Bull. 87, 77-112.

1903. Hurst, C. C. Mendel's Theory applied to Wheat
Hybrids. Journ. Roy. Hort. Soc. April, 876-893.

1903. Hurst, C. C. Recent Experiments on the Hybridiza-

tion of Orchids. Gar. Chron. 3d ser. xxxiv. 226.

1903. Ivins, G. A. Production of Xew Varieties. Trans.

Iowa Hort. Soc. xxxviii. 345-348.

1903. Jamieson, T. Crossing of Cultivated Plants. Agric.

Research Assoc. Scotland Rep. 30-32.

1903. Jenkins, E. H. Tobacco Work in 1903. Conn.

State Exp. Sta. Rep. pt. 5, 440-111.

1903. Jordan, K. Bemerkungen zu Heern Dr. Petersen's

Aufsatz :
" Entstehung der Arten durch physiologische

Isolirung." Biol. Centbl. xxiii. 660-664.

1903. Journ. Roy. Hort. Soc. Lond. xxvii. pt. 4, 1060-1068.

Am. Hybrid Conference. [Has useful references to lit-

erature.]

1903. Jurie, A. Specific Variations of Grapes. Rev. Vit.

xx. 647-652.

1903. Jurie, A. Variation Morphologique des Feuilles de

Vigne a la Suite du Greffage. Compt. Rend. Acad. Sci.

Paris.

1903. Kaiser, H. Ueber kunstliche Kreuzungen von

Viktoria- und Prinzess-Royal Erbsen in der Thiiringer

Zentral-Saatstelle von N. L. Chrestensen, Erfurt. Dent.

Landw. Presse, xxx. 213.

1903. Kamberskv. Studien iiber die bohmische Landgerste.

Zeitschr. Landw. Versuchsw. Oesterr. vi. 1-21.

1903. Kobus, J. D., Van der Post, C. Het Generatiezaad-

riet der verschillende kruisingen van het proefstation

Post-Java in 1901-1902 (Archief voor de Java-Suikerin-

dustrie).



BIBLIOGRAPHY. 451

1903. Kohler. Pflanzenzucht und Zuchtwahl. Allgem.

Forst. und Jagd. Ztg.

1903. Krarup, A. V. Some Investigations of Transmission

and Variability in Oats, with Special Reference to the

Possibility of Isolating Types High in Fat adapted to

the Manufacture of Shelled Oats. Copenhagen, 1-70.

1903. Kraus, C. Sortenwahl und Saatgutziichtung bei

neiderbayerischen Getreiden. Vierteljahrsschrift d. Bayr.

Landw.

1903. Ladd, E. F. Selection of Corn and Wheat. N. D.

Exp. Sta. Rep. 36-41.

1903. Leclerc du Sablon. Sur une Consequence de la

Fecondation croisee. Compt. Rend. Acad. Sci. Paris,

cxxxvii. 1298-1300.

1903. Lendenfeld, R. von. Variation und Selection. Biol.

Centbl. xxiii. 500, 563-570.

1903. Leuton-Brain, L. Disease-resisting Varieties of

Plants. West Ind. Bull. 4, 48-57.

1903. Liihne, V. Unsere Kenntnisse iiber Artenbildung

im Pflanzenreiche. Jahrsber. des Comm.-Realgym. in

Tetschen an Elbe fur das Schuljahr 1901-1902, iii. 3-14.

1903. MacDougal, D. T. Mutation in Plants. Am. Nat.

xxxvii. 737.

1903. Macoun, W. T., and Hutt, H. L. New Fruits.

Ontario Fruit-Growers' Ass. Rep. 118-124.

1903. Malinvaud, E. Quelques Faits Indicatifs de la

Duree des Menthes hybrides. Bull. Soc. Bot. Fr. 129-132.

1903. Malinvaud, E. Classification des Especes et hybrides

du genre Mentha. Bull. Acad. Intern, de Geogr. Bot.

xii. 562-566.

1903. Morgan, T. H. Evolution and Adaptation. New
York, i-xiii. + 1-470.

1903. Muller, O. Sprungweise Mutation bei Melosireen.

Ber. Deut. Bot. Gesells. xxi. 326-333.



452 BIBLIOGRAPHY.

1903. Neish, James. Hybridization of Pineapple. Report

of Jamaica Agric. Soc. (Xov.) Reprint in Gar. Chron.

3d ser. xxxv. 26 (1904).

1903. Nilsson, X. H. Ytterligare vigtiga framsteg i Svalofs

foradlingsmetod. Sver. Utsadesfor. Tidsk. 173-182.

1903. Normand, J. L. Hybrid Oranges from Louisiana.

Am. Gar. xxiv. 669.

1903. Oliver, G. W. Propagation of Easter Lily from Seed.

U. S. Dept. Agric. Bureau of PL Ind. Bull. 39, 1-21.

1903. Patten, C. G. A Lesson in Pollination. Trans.

Iowa Hort. Soc. xlvi, 372-374.

1903. Pax, F. Ueber Bastardbildung in der Gattung Acer.

Mitt. Deut. Dendrol. Gesells. 83-87. Abs. in Bot.

Centbl. xcvi. 585-586 (1901).

1903. Pearson, K. Cooperative Investigations on Plants.

I. On Inheritance in the Shirley Poppy. Biometrika,

ii. 56-101.

1903. Pearson, K. The Law of Ancestral Heredity. Biome-

trika, ii. 211-299.

1903. Pearson, K. Variation and Correlation in Lesser

Celandine from Divers Localities. Biometrika, ii. 145-

165.

1903. Pearson, K. On Homotyposis in Homologous but

Differentiated Organs. Proc. Roy. Soc. Lond. lxxi.

288-314.

1903. Peart, H. S. Fertilization of Apple Blossoms.

Can. Hort. xxvi. 361-363.

1903. Petersen, O. G. Formentlige Bastarder mellem

Skovfyr og Bjorgfyr. Tidss. Skov. xv. 171-184.

1903. Petersen, W. Entstehung der Arten durch physiolo-

gische Isolirung. Biol. Centbl. xxi. 468-477.

1903. Pitsch, O. Erfahrungen und Resultate bei der

Zuchtung von neuen Pflanzenrassen. Deut. Landw.

Presse, xxx. 415, 429-430, 440-441.



BIBLIOGRAPHY. 453

1903. Plate, L. Professor A. Fleischmann liber die Dar-

win'sche Theorie. Biol. Centbl. xxiii. 601-613.

1903. Plate, L. Ueber die Bedeutung des Darwin'schen

Selectionsprincips und Probleme der Artbildung. Zweite

vermehrte Aufl. Leipzig. 1-247.

1903. Price, H. 0. An Iowa Plant Breeder ; some of his

Creations. Rural New-Yorker, lxii. 277-279.

1903. Price, H. C. What the Introduction of Foreign

Varieties of Fruit has done for the Horticulture of the

Northwest. Journ. Columbus Hort. Soc. xviii. 152-

156.

1903. Price, H. C. Hand Pollination of Orchard Fruits.

"Western Fruit Grower, xiii. 139.

1903. Rane, F. W. Origin of Various Varieties of Ameri-

can Muskmelons. N. H. Exp. Sta. Bull. 96, 125-133.

1903. Ravaz. Influence specifique reciproque du Greffon et

du Sujet chez la Vigne. Bull. Soc. Bot. Fr. 1. 87-101.

1903. Ravaz, L. Sur les Variations de la Vigne greffee.

Prog. Agric. et Vit. (£d. L'Est.), xxiv. 743-750.

1903. Ravn, F. K. Forplantning og Arvelighed. Viden-

skab. Folkebib. 1-119.

1903. Rehder, A. The Truth about the Strawberry-Rasp-

berry (Rubus illecebrosus). Am. Gar. xxiv. 603.

1903. Remy, Th. Die Zuchtung im Dienste des Hopfen-

baues. Wochensch. fur Brauerei.

1903. Rimpau, W. Fortschritt in der Pnanzen und Thier-

ziichtung. Landw. Jahrbiicher, 489.

1903. Rbnnberg, F. Ueber Aehnlichkeit und Verwandt-

schaft im Pflanzenreiche. Frankfurt-am-Main, 1-45.

[Pamphlet.]

1903. Saunders, C. E. Cereal-Breeding. Rep. Can. Exp.

Farms, 218-219.

1903. Saunders, W. The Breeding of New Wheats. Rep.

Can. Exp. Farms, 14-24.



454 BIBLIOGRAPHY.

1903. Schaffner, J. H. Atavism in the Watermelon. Ohio

Nat. iii. 370-371.

1903. Schumann, K. Neuere Anschauungen iiber die Ent-

stehung der Pflanzen-Arten. Gartenflora, lii. 376-380,

397-406.

1903. Scofield, C. S. Description of Wheat Varieties.

U. S. Dept. Agric. Bureau PL Ind. Bull. 47, 1-19.

[Good terminology for breeders.]

1903. Shamel, A. D. Manual of Corn Judging. New
York. Orange Judd Co.

1903. Smith, C. B. Experiment Station Work with

Apples. U. S. Dept. Agric. Office of Exp. Sta. Rep.

120-123.

1903. Smith, J. W. Relation of Climate to Horticulture.

Journ. Columbus Hort. Soc. xviii., No. 4, 143.

1903. Spillman, W. J. Mendel's Law. Pop. Sci. Monthly,

(Jan.) 269.

1903. Steglich. Plant-Breeding Experiments. Ber. Tat.

Landw. Abt. K. Vers. Stat. Pflanzenkult. 5-9, Dresden.

1903. Stone, G. E. Cucumbers under Glass. Mass. (Hatch)

Exp. Sta. Bull. 87, 3-29, 42-43.

1903. Stringfellow, H. M. Experiments with Trifoliata in

Texas. Pacif. Fr. World, xiv. 6.

1903. Tallack, J. C. Sportiveness of Grapevines. Gar.

Chron. 3d ser. xxxiv. 325. Also Editorial, 305.

1903. Terraciano, A. Lo sviluppo delle forme ed i rapporti

sociale nella vita delle piante. Palermo Remo Sandron.

[Book.]

1903. Thiel, W. Drei Pelargonien-Neuheiten. Gartenwelt,

viii. 31-33.

1903. Tischler, G. Ueber Embryosack-Obliteration bei

Bastard-Pflanzen. Beihft. zum Bot. Centbl. xv. 408-120.

1903. Trabut, J. Quelques Eucalyptus hybrides dans la

Region Mediterraneenne. Rev. Hort. Vol. 75, 325-328.



BIBLIOGRAPHY. 455

1903. Tschermak, E. Die praktische Verwertung des

Mendelschen Yererbungsgeletzes bei der Ziichtung neuer

G etreiderassen . Deut. Landw. Presse, xxx. 712-713.

1903. Tschermak, E. Methoden und Gesetze der Kunst-

lichen Kreusung. Wiener 111. Gart.-Ztg.

1903. Tvins, G. A. Production of New Varieties. Trans.

Iowa Hort. Soc. xxxviii. 345.

1903. Vernon, H. M. Variation in Animals and Plants.

New York. Henry Holt & Co. [Book.]

1903. Vierhapper, F. Neue Pflanzen-Hybriden. Oestrr.

Bot. Zeitschr. liii. 225.

1903. Ward, C. W. The American Carnation: How to

Grow It. A. T. Dela Mare Pub. Co. New York, 1-296.

(Chapters on Hybridization, etc.)

1903. Ward, C. W. Breeding Hybrid Carnations. Proc.

N. J. State Hort. Soc. xxviii. 227-233.

1903. Webber, II. J. Improving the Cotton Fiber. A paper

read at the 74th meeting of the New England Cotton and

Manufacturers' Assoc, Waltham, Mass. Press of E. L.

Barry, 16 pp. [A paper by Dr. Webber on " The Improve-

ment of Cotton " was presented to the same society and

separately published in 1900.]

1903. Webber, H. J. New Horticultural and Agricultural

Terms. Science, n. s. xviii. 501-503.

1903. Webber, H. J. The Re-Creation of the Orange In-

dustry in Florida. Country Life in America, iii. 157.

[Account of the new race of hybrid oranges, with pic-

tures.]

1903. Webber, H. J., and Swingle, W. T. The Production

of New Varieties of Oranges. Science, n. s. xvii. 262-263.

1903. White, C. A. Aggregate Atavic Mutation of the

Tomato. Science, n. s. xvii. 76-78.

1903. Wickson, E. J. Luther Burbank, an Appreciation.

San Francisco, 1-48. Reprinted from Sunset Magazine.



456 BIBLIOGRAPHY.

1903. Willard, S. D., Waugh, F. A., Kerr, J. W. Self-

Sterility of Fruits. Am. Agric. lxxii. 567.

1903. Wilson, E. B. Mr. Cook on Evolution, Cytology, and

Mendel's Laws. Pop. Sci. Monthly, lxiv. 88-89.

1903. Worsley-Isleworth A. New Hybrid Amaryllids.

Gar. Chron. 3d ser. 345, 366.

1903. Zisvoken, C. Schbne Phyllocactus-Hybriden. Gar-

tenwelt, viii. 5-6.

1901. Abderhalden, E. Neuere Versuche iiber Kiinstliche

Parthenogenesis und Bastardierung. Arch. Rassen- und

Gesells. Biol. i. 656-663.

1901. Allen, C. L. Some Possibilities. Proc. Internat.

Conf. on Plant-Breeding and Hybridization, 1902. Hort.

Soc. of N. Y. Mem. Vol. i. 257-261.

1904. Alwood, Wm. B. On Artificial Pollination of Wheat.

Proc. Internat. Conf. on Plant-Breeding and Hybrid-

ization, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 265-

267.

1904. Andre, E. L'Anthurium bicolor et les hybrides

tVAnthurium Andreanum. Rev. Hort. lxxvi. 12-14.

1904. Atkins, E. F. Sugar-Cane Experiments in Cuba.

Ag. News (Barbados), iii. 179.

1904. Bailey, L. H. A Medley of Pumpkins. (With dis-

cussion.) Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of N. Y. Mem. Vol. i.

117-124.

1904. Bateson, W. Heredity and Evolution. Pop. Sci.

Monthly, lxv. 522-531.

1904. Bateson, W. Practical Aspects of the New Discov-

eries in Heredity. (Including discussion.) Proc. Inter-

nat. Conf. on Plant-Breeding and Hybridization, 1902.

Hort, Soc. of N. Y. Mem. Vol. i. 1-9.

1904. Beach, S. A. Correlation between Different Parts of

the Plant in Form, Color, Size and Other Characteristics.



BIBLIOGRAPHY. 457

("With discussion.) Proc. Internat. Conf . on Plant-Breed-

ing and Hybridization, 1902. Hort. Soc. of N. Y. Mem.
Vol. i. 63-67.

1904. Beal, W. H., et al., editors. Breeding Corn. Exp.

Sta. Work, xxvii. U. S. Dept. Agric. Farmers' Bull.

210, 11-13.

1904. Beal, W. H., et al., editors. Selection of Seed Corn.

Exp. Sta. Work, xxv. U. S. Dept. Agric. Farmers'

Bull. 193, 20-26. [Contains brief bibliography.]

1904. Bedford, S. A. Cross-bred and Seedling Apples.

Rep. of Can. Exp. Farms, 397-398.

1904. Behrens, J. Die Erblichkeit der Samenfarbe und die

Beziehungen derselben zur Pflanze. Deut. Landw.

Presse.

1904. Beseler, O. Ueber Pflanzenziichtung und deren Aus-

nutzung durch die Praxis. Fiihling's Landw. Ztg. 577.

1904. Bessey, C. E. Fecundation of Plants. Science, n. s.

xx. 730.

1904. Bidgood, J. Albinism. Journ. Boy. Hort. Soc.

Lond.

1904. Biffen, R. H. Experiments with Wheat and Barley

Hybrids illustrating Mendel's Laws of Heredity. Journ.

Roy. Agric. Soc. Eng. Ixv. 337-345.

1904. Bitter, G. Dichroismus und Pleochroismus als

Rassencharaktere. Festschrift fiir Ascherson Separate,

1-10.

1904. Booth, N". O. Study of Grape Pollen and what the

Results Indicate. Proc. Internat. Conf. on Plant-Breed-

ing and Hybridization, 1902. Hort. Soc. of 1ST. Y. Mem.
Vol. i. 243-249.

1904. Brunotte, C. A Bisexual Hop Vine. Bull. Soc. Sci.

Nancy, 3d ser. v. 173-179.

1904. Burbank, L. Some of the Fundamental Principles

of Plant-Breeding. Proc. Internat. Conf. on Plant-Breed-



458 BIBLIOGRAPHY.

ing and Hybridization, 1902. Hort. Soc. of X. Y. Mem.
Vol. i. 35-39. Also in Amer. Florist, xix. 341-343 (1902).

Am. Gar. xxiii. 639-642.

1904. Burbidge, F. W. Hybridism vs. Selection. Proc.

Internat. Conf. on Plant-Breeding and Hybridization,

1902. Hort. Soc. of X. Y. Mem. Vol. i. 231-234. Gar.

Chron. 3d ser. xxii. 449-450 (1902).

1904. Cannon, W. A. Some Cytological Aspects of Hybrids.

Proc. Internat. Conf. on Plant-Breeding and Hybridiza-

tion, 1902. Hort. Soc. of X. Y. Mem. Vol. i. 89-92.

1904. Card, F. W. Some Strawberry Xotes. West. Fr.

Grower, xv. 14-15.

1904. Card, F. W., and Stene, A. E. Corn Selection.

R. I. Exp. Sta. Rep. xvii. 206-211.

1904. Card, F. W., and Stene, A. E. Clover Selection. R.I.

Exp. Sta. Rep. xvii. 202-205.

1904. Card, F. W. Practical Points from the Breeding of

Strawberries and Bush-fruits. Proc. Internat. Conf. on

Plant-Breeding and Hybridization, 1902. Hort. Soc. of

X. Y. Mem. Vol. i. 225-228.

1904. Castle, R. L. Pomology as a Study. Journ. Roy.

Hort. Soc. Lond. xxix. 146-160.

1904. Chenevard, P. Viola montana x stagnina. Bull,

des Trav. de la Soc. Bot. de Geneve, 98.

1904. Clarke, W. H. Graft Hybrids. Gar. Chron. 3d

ser. xxxvi. 450-451.

1904. Clute, AV. N. Concerning Forms and Hybrids. Fern.

Bull. xii. 85-86.

1904. Cook, O. F. Evolution under Domestication (Dis-

cussion on). Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of X. Y. Mem. Vol. i.

69-73.

1904. Cook, O. F. The Vegetative Vigor of Hybrids and

Mutations. Proc. Biol. Soc. Wash. xvii. 83-90.



BIBLIOGRAPHY. 459

1904. Cook, O. F. Evolution not the Origin of Species.

Pop. Sci. Monthly, lxiv. 445-456.

1904. Cook, O. F. Evolution of Weevil-Resistance in Cot-

ton. Science, n. s. xx. 666-670.

1904. Copeland, E. B. Variation of Some California

Plants. Bot. Gaz. xxxviii. 401-426.

1904. Corbett, L. C. Improvement of Roses by Bud Selec-

tion, or Blind vs. Flowering Wood for Rose Cuttings.

Proc. Intern at. Conf. on Plant-Breeding and Hybridiza-

tion, 1902. Hort. Soc. of X. Y. Mem. Vol. i, 93-101.

1904. Correns, C. Experimentelle Untersuchungen liber

die Gynodioccie. Ber. Deut. Bot. Gesells. xxii. 506-

517.

1904. Correns, C. Experimentelle Untersuchungen iiber die

Entstehung der arten auf botanischen Gebiet. Archiv

fur Rassen- und Gesellschafts-Biol. i. 27-52.

1904. Correns, C. Ein typisch spaltender Bastard zwischen

einer einjahrigen und einer zweijahrigen Sippe des Hyos-

cyamus niyer. Ber. Deut. Bot. Gesells. xxii. 517-524.

1904. Coutagne, G. De la Selection des Petites Differences

que presentent les Caracteres a Variations Continues.

Compt. Rend. Acad. Sci. Paris, cxxxviii. 54-57.

1904. Coutagne, G. De la Selection des Caracteres poly-

taxiques dans le Cas des Croisements Mendeliens.

Compt. Rend. Acad. Sci. Paris, cxxxviii. 298-300.

1904. Coutagne, G. De la Correlation des Caracteres Sus-

ceptibles de Selection Naturelle. Compt. Rend. Acad.

Sci. Paris, cxxxviii. 232-235.

1904. Cummings, M. B. Fertilization Problems: Study

of Reciprocal Crosses. Me. Exp. Sta. Bull. 104, 81-

100. [Contains bibliography.]

1904. Cunningham, J. T. Morgan on Evolution and

Adaptation. Science, n. s. xix. 74.

1904. Daniel, L., et Laurent, C. Sur les Effets du Greffage



460 BIBLIOGRAPHY.

de la Vigne. Compt. Rend. Acad. Sci. Paris, cxxxviii.

532-534.

1904. Degrully, L. On the Duration of Variations in Grafted

Vines. Prog. Agr. et Yit. (Ed. L'Est.) xxv. 383.

1904. Denaiffe. Selection of Garden Carrots. Jardin. xviii.

89-90.

1904. De Vries, H. On Artificial Atavism (and discussion).

Proc. of Internat. Conf. on Plant-Breeding and Hybrid-

ization, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 17-24.

1904. De Vries, H. Oorsprong en Bevruchting der Bloemen.

Amsterdam, 1-80.

1904. De Vries, H. The Evidence of Evolution. Science,

n. s. xx. 395-401 (Sept. 23).

1904. Dickens, A. Persimmons. Industrialist, xxx. 307-

316. [Journal published at the State Agricultural

College at Manhattan.]

1904. Druery, C. T. Plant Variation under Wild Condi-

tions. Journ. Roy. Hort. Soc. Lond.

1904. East, Edward M. Selection of Seed in Potato Grow-
ing. 111. Exp. Sta. Cir. 81.

1904. Eckart, C. F. Varieties of Cane. Hawaiian Sugar

Planters' Exp. Sta. Rep. 31.

1904. (Editorial.) Cross-breeding. Gar. Chron. 3d ser.

xxxv. 248.

1904. Edler, W. Ueber Ausartungen des Squarehead-Wei-

zens. 111. Landw. Ztg. 942.

1904. Erdner, E. Neuburger Lappa-Arten-Formen und
Bastarde. Mitth. d. Bayer. Bot. Gesells. zum Erf. Heim.

Flora, 389-390.

1904. Errera, L. Une Lecon Eleinentaire sur le Darwin-

isme. 2d ed. Bruxelles.

1904. Farrer, W. Report of the Wheat Experimentalist.

Agric. Gaz. New S. Wr
ales, xv. 1047-1050.

1904. Fawcett, Wm. Notes on Plant-Breeding in Jamaica.



BIBLIOGRAPHY. 461

Proc. International Conf. on Plant-Breeding and Hybrid-

ization, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 185-186.

1904. Fletcher, F., Knight, J. B. Annual Report on the Ex-
perimental Farms in the Bombay Presidency. Rep.

Exp. Farms, Bombay Pres. 1-82. [Crossing and selec-

tion of cotton.]

1904. Fruwirth, C. Beitriige zu den Grundlagen der

Ziichtung einiger landwirtschaftlicher Culturpflanzen.

Naturw. Ztschr. Land und Forstw. ii. 241-253.

1904. Fruwirth, C. Ein Versuch einer Ziichtung bei

Szakler Mais. Fuhling's Landw. Ztg. liii. 407-412.

1904. Fruwirth, C. Untersuchungen iiber die gegen-

seitigen Beziehungen von Eigenschaften bei Szakler

Mais. Fuhling's Landw. Ztg. liii. 200-208, 255-258.

1904. Fruwirth, C. Referate iiber neuere Arbeiten auf dem
Gebiete der Pflanzenziichtung. Journ. Landw. lii. 269-

290.

1904. Funk, F. H. Some of the Possibilities of Corn

Breeding. Delivered before Coll. Alumni Club, Feb. 6.

Bloomington, 111. 1-10. [Pamphlet.]

1904. Galloway, B. T. Profits of Garden and Orchard.

World's Work, vii. 4419-4424.

1904. Girardi, G. Le Rose. Storia, coltivazione, varieta.

Milano.

1904. Glaser, O. C. Autonomy, Regeneration, and Natural

Selection. Science, n. s. xx. 149-153.

1904. Hacker, V. Bastardirung und Geschlechtszellenbil-

dung. Ein kritisches Referat. Zool. Jahrb. Suppl. vii.

Festschrift fiir Weismann, 161-260.

1904. Halsted, B. D., and Kelsey, J. A. Experiments in

crossing Sweet Corn. A New Variety: the Voorhees

Red. 1ST. J. Agric. Exp. Sta. Bull. 170, 1-22.

1904. Halsted, B. D. Experiments in crossing Sweet

Corn. N. J. Agric. Exp. Sta. Rep. 452-480.



462 BIBLIOGRAPHY.

1904. Halsted, B. D. Crossing of Squashes. Experiments

with Eggplants, Tomatoes, Beans, Salsify. N. J. Agric.

Exp. Sta. Rep. 481-529.

1904. Hansen, N. E. Breeding of Native Northwestern

Fruits. Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of X. Y. Mem. Vol. i.

157-158.

1904. Hansen, N. E. The Western Sand Cherry. S. D.

Exp. Sta. Bull. 87, 1-64.

1904. Hansen, X. E. Breeding Hardy Fruits. S. D. Exp.

Sta. Bull. 88, 1-32.

1904. Hartley, C. P. Improvement of Corn by Breeding.

Proc. Internat. Conf. on Plant-Breeding and Hybridiza-

tion, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 199-208.

1904. Harwood, W. S. Luther Burbank, a Maker of New
Plants and Fruits. Scribner's Mag. xxxvi. 49-55.

1904. Hays, W. M. Breeding for Intrinsic Qualities.

Proc. Internat. Conf. on Plant-Breeding and Hybridi-

zation, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 55-

62.

190 1. Hays, W. M. Breeding Field Crops. Quar. Rep.

Kans. Bd. Agric. xxiii. 29-45. 14th Bien. Rep. of same,

xix. 44-60.

1904. Hedde, K. Variationsstatistische Untersuchungen

iiber einige Culturpflanzen. Deut. Landw. Versuchsstat.

359.

1904. Helweg, L. Reports on the Third and Fourth

Years' Breeding Experiments with Root Crops at the

Danish Plant Experiment Stations, 1902-1903. Tidsskr.

Landbr. Planteavl, xi. 1-20, 324-364.

1904. Hill, E. G. On Breeding Florists' Flowers (with

discussion). Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. N. Y. Mem. Vol. i.

111-116.



BIBLIOGRAPHY. 463

1904. Hofmarm, et al. Zur Frage des Selektionswerthes

kleiner Vaviationen. Archiv fiir Rassen und Gesells.

Biol. i. 190-197, 339-346.

1901. Holdefleiss, P. Messung der Bruchfeltigkeit der

Getreidehalme. 111. Landw. Ztg. xxiv. 293-294. Deut.

Landw. Presse. xxxi. 256.

1901. Holden, P. G. Selecting and preparing Seed Corn.

Iowa Exp. Sta. Bull. 77, 169-234.

1904. Holden, P. G. Iowa's Campaign for Better Corn.

Am. Mo. Rev. of Rev. xxx. 563-567.

1904. Holmboe, J. Early and Modern Methods of breed-

ing Cereals. Tidsskr. Norske Landbr. xi. 287-311.

1904. Hopkins, C. G., Smith, L. H., and East, E. M. Direc-

tions for the Breeding of Corn, including Methods for Pre-

vention of In-breeding. 111. Exp. Sta. Bull. 100, 599-626.

1904. Howard, A. Hop Experiments, 1904. County Coun-

cils Kent and Surrey, Southeastern Agric. Coll. Wye.
Bull. 1, 1904-1905, 1-29.

1904. Hubrecht, A. A. W. Hugo de Vries' Theory of

Mutations. Pop. Sci. Monthly, lxv. 205-223.

1904. Hunt, T. F. The Cereals in America. Orange

Judd Co. New York, 421. [Book.]

1904. Hurst, C. H. Experiments on Heredity of Peas.

Journ. Roy. Hort. Soc. Lond.

1904. Hurst, C. C. Notes on Mendel's Methods of Cross-

Breeding (and discussion). Proc. of Internat. Conf. on

Plant-Breeding and Hybridization, 1902. Hort. Soc. of

N. Y. Mem. Vol. i. 11-16.

1904. Hy, F. Sur les Roses hybrides de l'Anjou Issues du

Rosa gallica. Journ. Bot. 64-76.

1904. Janczewski, E. de. Hybrides des Groseillers. II.

Ribes. Ext. Bull. Internat. Acad. Sci. Cracoire.

1904. Jarry-Desloges, R. Les Anthurium Hybrides d'An-

dreanum. Rev. Hort. lxxvi. 12-14.



464 BIBLIOGRAPHY.

1904. Jeannin, A. Specific Variations due to Crossing.

Prog. Agric. et Vit. (ed. L'Est.) xxv. 656-661.

1904. Jenkins, E. H. Experiments in Breeding Tobacco.

Conn. State Exp. Sta. Rep. pt. v. 449-466.

1904. Jordan, A. T. Improving Fruits by Bud Selection.

Am. Agric. lxxiv. 160.

1904. Judd, A. N. Value of Pollination in the Culture of

the Apple and Some of the Reasons why Flowers do

not Set. Bien. Rep. Comr. Hort., Cal. 1903-1904, 212-

217.

1904. Jurie, A. Sexual Hybridization and Variation by

Grafting. Rev. Vit. xxi. 519-523.

1904. Jurie, A. Influence of Grafting on the Posterity of

the Scion. Jardin, xviii. 221.

1904. Kellogg, R. M. Bud Variation in the Strawberry

Plant. Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of N". Y. Mem. Vol. i.

169-172.

1904. Kirsche, A. Haferziichtung auf Lagerfeltigkeit.

111. Landw. Ztg. xxiv. 217. Deut. Landw. Presse, xxxi.

p. 171.

1904. Klein, E. Die Pflanze in Kampfe mit ihrer Umge-

bung. Verlag Luxemburg. Naturfr. Jg. xiv.

1904. Kozlowzki, W. M. L'Evolution comme Principe

philosophique du Devenir. Rev. Philos. xxix. 113-

135.

1904. Kraus, C, and Kiessling. Bericht der Koniglichen

Saatzuchtanstalt Weihenstephan, 1903 ; Miinchen, 1904.

Abdruck aus Vierteljahrsschrift des Bayrischen Landes-

culturrathes.

1904. Lang, H. Ausartungen des Squarehead. 111. Landw.

Ztg. 1173-1174.

1904. Lang, H. Die Zucht der Eckendorfer Mammuth
Wintergerste. 111. Landw. Ztg.



BIBLIOGRAPHY. 465

1904. Leichtlin, M. Some Conclusions (and discussion).

Proc. of Internat. Conf. on Plant-Breeding and Hybridi-

zation, 1902. Hort. Soc. of X. Y. Mem. Vol. i. 25-27.

1904. Lendenfeld, R. von. Karl Pearson's Untersuch-

ungen iiber verwandtschaftliche Aehnlichkeit und Ver-

erbung geistiger Eigenschaften. Archiv Rassen- und

Ges.-Biologie.

1904. Lendenfeld, R. von. Bemerkungen iiber die Bedeu-

tung der Riickbildung in der Anpassung. Archiv fiir

Rassen- und Ges.-Biologie, i. 793-797.

1904. Lock, H. H. On the Varieties of Cacao existing in

the Roy. Bot. Gardens and Exp. Sta. Ceylon. Exp.

Sta. Rep. Vol. ii. 385.

1904. Lynch, R. I. Classifications of Hybrids (and discus-

sion). Proc. of Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of N. Y. Mem. Vol. i.

29-32.

1904. Lynch, R. I. Book of the Iris. London and New
York, pp. i-xii. + 1-214. (Chapter on Hybrids and

Hybridizing.)

1904. Lyon, T. L., Montgomery, E. G. Examining and

Grading Grains. Lincoln, Neb. pp. 1-64. [Pamphlet.]

1904. Macoun, W. T. Notes on the Breeding of Beans

and Peas. Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of N. Y. Mem. Vol. i.

197-198.

1904. Metcalf, M. M. Morgan's Mutation and Selection.

Science, n. s. xix. 74-76.

1904. Miller, W. Awakening of Agriculture. Country

Life, vii. 27-36.

1904. Moll, J. W. Die Mutationstheorie. Biol. Centbl.

xxiv. 225-241.

1904. Moore, R. A., Stone, A. L. Experiments with Grain

and Forage Plants, 1904, Wis. Exp. Sta. Rep. 289-316.



466 BIBLIOGRAPHY.

1901. Moore, R. A., Stone, A. L. Breeding Grain and

Forage Plants. Wis. Exp. Sta. Rep. xxi. 309-312.

1904. Morel, F. Nouvelles Clematites Hybrides. Rev.

Hort. lxxvi. 308-310.

1904. Morris, D. Improvement of the Sugar Cane by

Selection and Cross Fertilization (with discussion).

Proc. Internat. Conf. on Plant-Breeding and Hybridi-

zation, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 79-87.

1901. Morris, D., et al. Definition of " Sport " (discus-

sion). Proc. Internat. Conf. on Plant-Breeding and

Hybridization, 1902. Hort. Soc. of X. Y. Mem. Vol. i.

32-33.

1904. Munson, T. V. Advantages of Conjoint Selection

and Hybridization, and Limits of Usefulness in Hybridi-

zation among Grapes. Proc. Internat. Conf. on Plant-

Breeding and Hybridization, 1902. Hort. Soc. of N. Y.

Mem. Vol. i. 159-166.

1901. Nehring, W. F., Johnston, E. C. Fruits without

Blossoms. West. Fr. Grower, xv. 2.

1901. Newman, J. S., et al. Sorghum as a Sirup Plant.

S. C. Exp. Sta. Bull. 88, 1-31.

1901. Norton, J. B. Improvement of Oats by Breeding

(with discussion). Proc. Internat. Conf. on Plant-Breed-

ing and Hybridization, 1902. Hort. Soc. of X. Y. Mem.
Vol. i. 105-109.

1901. Ortlepp, K. Zur Entstehung der Arten. Deut. Bot.

Wschr. 6-9.

1901. Orton, W. A. On the Breeding of Disease-Resistant

Varieties (with discussion). Proc. Internat. Conf. on

Plant-Breeding and Hybridization, 1902. Hort. Soc.

of N. Y. Mem. Vol. i. 41-53.

1904. Ostenfeld, C. H. Zur Kenntnis der Apogamie in

der Gattung Hieraciuni. Ber. Deut. Bot. Gesells. xxii.

376-381.



BIBLIOGRAPHY. 467

1904. Ostenfeld, C. H. "Weitere Beitrage zur Kenntnis der

Fruchtentwicklung bei der Gattung Hieracium. Ber.

Deut. Bot. Gesells. xxii. 537-541.

1904. Pammel, L. H. Hybrids and Diseases. Proc. Inter-

nal Conf. on Plant-Breeding and Hybridization, 1902.

Hort. Soc. of N. Y. Mem. Vol. i. 229-230.

1904. Pammer, G. Getreideziichtungsversuche. Zeitschr.

Landw. Versuchsw. Oesterr. vii. 237-242.

1904. Pearson, K. On a Criterion which may Serve to Test

Various Theories of Inheritance. Proc. Roy. Soc. Lond.

Ixxiii.

1904. Pearson, K. Mathematical Contributions to the

Theory of Evolution, xii. On a Generalized Theory of

Alternative Inheritance with Special Reference to Men-

del's Laws. Proc. Roy. Soc. Lond. Ixxii.

1904. Perkins, A. J. Development of the Seedless Currant

Berry. Journ. Agric. and Industry, So. Australia, vii.

431-439.

1904. Plate, L. Giebt es ein Gesetz der progressiven

Reduktion der Varibilitat? Archiv fur Rassen- und

Ges.-Biol. i. 641-655.

1904. Powell, G. H. Pollination of the Keiffer Pear. Am.
Agric. lxxiv. 605.

1904. Powell, Geo. T. Bud Variation in the Apple. Proc.

Internat. Conf. on Plant-Breeding and Hybridization.

1902. Hort. Soc. of X. Y. Mem. Vol. i. 173.

1904. Price, H. C. Hand Pollination of Orchard Fruits.

Proc. Internat. Conf. on Plant-Breeding and Hybridi-

zation, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 175-177.

1904. Proskowetz, E. D., Jr. Riibencultur und Rubenzuch-

tung. Oesterr. Zeitsch. fur Zuckerindustrie und Landw.

1904. Rane, F. W. The Muskmelon. Proc. Internat. Conf.

on Plant-Breeding and Hybridization, 1902. Hort. Soc.

of N. Y. Mem. Vol. i. 215-219.



468 BIBLIOGRAPHY.

1904. Reichert. Griin- und gelbkorniger Roggen mid dessen

Ertrage im feld-massigen Anbau. 111. Landw. Ztg.

1904. Reitemeier, A. Geschichte der Ziichtung Landwirth-

schaftlicher Kulturpflanzen. Inaug. Dissert. Breslau.

1904. Remy. Pflanzenziichterische Untersuchungen. Jah-

resb. Kgl. Landw. Hochschule in Berlin, xii.

1904. Roberts, H. F. A Wheat-Rye Hybrid. Science, n. s.

xx. 248-249.

1904. Roberts, H. F. Methods of Cereal Breeding in Kan-

sas (with discussion). Proc. Internat. Conf. on Plant-

Breeding and Hybridization, 1902. Hort. Soc. of N. Y.

Mem. Vol. i. 179-183.

1904. Rocher, M. A Curious Case of Asexual Hybridi-

zation. Prog. Ag. et Yit. (ed. L'Est.) xxv. 567-

568.

1904. Roemeling, J. Wilhelmina-Weizen. Deut. Landw.

Presse.

1904. Rosenberg, O. Ueber die Tetradenteilung eines Dro-

sera-Bastardes. Ber. Deut. Bot. Gesells. xxii. 47-53.

1904. Rudolph, J. La Fecondation Artificielle chez les

Fleurs Dichogames. Rev. Hort. lxxvi. 204-205.

1904. Rudolph, J. L'Autofecondation et la Fecondation

Croisee. Rev. Hort. lxxvi. 369-370.

1904. Saunders, C. E. Notes on Some Variations in the

Second Generation of Berberis Hybrids. Proc. Inter-

nat. Conf. on Plant-Breeding and Hybridization, 1902.

Hort. Soc. ST. Y. Mem. Vol. i. 167-168.

1904. Saunders, C. E. Crossing of Cereals. Rep. of Can.

Exp. Farms, 258-275.

1904. Saunders, Wra. Breeding of Cross-bred Apples^ for

the Canadian Northwest. Rep. of Can. Exp. Farms,

6-11.

1904. Saunders, Wm. Results of Hybridization and

Plant-Breeding -in Canada. Proc. Internat. Conf. on



BIBLIOGRAPHY. 469

Plant-Breeding and Hybridization, 1902. Hort. Soc.

of N. Y. Mem. Vol. i. 125-141.

1904. Schliephacke, K. Neue Erfolge auf dem Gebiete der

Kiinstlichen Getreidezuchtung. Dent. Landw. Presse.

1904. Schulz, 0. Crossing Rhododendrons. Moller's Deut.

Gart. Ztg. xix. 271-273.

1904. Selby, A. D. Tobacco-Breeding. Ohio Exp. Sta.

Bull. 156, 108-114.

1904. Shamel, A. D. Improvement of Tobacco by Breed-

ing and Selection. U. S. Dept. Agric. Year Book, 435-

452.

1904. Soule, A. M. Selecting and Improving Corn. Univ.

Tenn. Rec. vii. 13-27.

1904. Spencer, J. F. The Seedless Apple. Fruitman's

Guide, xvii. 1.

1904. Spillman, W. J. Hybrid Wheats. Science, n. s. xx.

681.

1904. Stabler, A. Sweet Corn : Breeding, Growing, and

Curing for Seed. Md. Exp. Sta. Bull. 96, 31-43.

1904. Stubbs, W. C, and Blouin, R. E. Comparative

Results of Seedling Sugar Canes D. 74 and D. 95 with

our Home Sugar Canes (Louisiana Striped and Louisi-

ana Purple). La. Agric. Exp. Sta. 2d ser. Bull. 78, 1-46.

1904. Swett, F. T. Practical Results with Resistant Vines

in France. Cal. Fr. Grower, xxx. p. 1.

1904. T. E. Y. The McAllister Pecan. Florists' Exc. xviii.

150.

1904. Tammes, T. Ein Beitrag zur Kenntniss von Trifo-

lium pratense quinquefolium de Vries. Bot. Ztg. xi.

1904. Theulier, H. Remarques sur la Fecondation des

Pelargoniums Zones au Point de Vue de l'Obtention de

Bonnes Varietes. Rev. Hort. lxxvi. 384-385.

1904. Thilow, J. O. Improvements in Vegetables. Am.
Florist, xxii. 316-317.



470 BIBLIOGRAPHY.

1904. Tracy, J. E. W. Sugar-Beet Seed-Breeding. U. S.

Dept. Agric. Yearbook, 341-353.

1904. Tracy, W. W. Influence of Climate and Soils on the

Transmitting Power of Seeds. Science, n. s. xix. 738-

740.

1904. Tracy, W. W. Variant Tendency and Individual

Prepotency in Garden Vegetables (with discussion).

Proc. Internat. Conf. on Plant-Breeding and Hybridiza-

tion, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 75-78.

1904. Tschermak, E. Die Lehre von den Formbildenden

Faktoren und ihre Bedeutung fur die Rationelle Pflanzen

und Thierziichtung. Separatabdr. aus Jahrb. der Landw.

Pflanzen- und Thierziichtung. Stuttgart.

1904. Tschermak, E. Die Theorie der Kryptomerie und

des Kryptohybridismus. Beiheft. Bot. Centbl. xvi. 11-

35.

1904. Tschermak, E. Ueber Kiinstliche Auslosung des

Bliihens beim Roggen. Ber. Deut. Bot. Gesells. 445-

449.

1904. Tschermak, E. Weitere Kreuzungsstudien an Erb-

sen, Levkojen und Bohnen. Ztschr. Landw. Versuchsw.

Oesterr. vii. 533-638.

1904. Ugolini, U. Nota Botanica apraria sulla forma di

stapione delle piante. Giorn. delle Istit. apr. bresciane.

No. 27, p. 7. Brescia.

1904. Valleyrand, E. Histoire et Pratique de l'Hybrida-

tion des Gloxinias. Rev. Hort. lxxvi. 163-165.

1904. Van Fleet, W. Hybridizing Gladiolus Species (with

discussion). Proc. Internat. Conf. on Plant-Breeding

and Hybridization, 1902. Hort. Soc. of N. Y. Mem. Vol. i.

143-149. Am. Florist, xix. 345-347 (1902).

1904. Vierhapper, F. Uebersicht iiber die Arten und

Hybriden der Gattung Soldanella. Festschrift fur P.

Aescherson. Leipzig, 500-508.



BIBLIOGRAPHY. 471

1904. Vilmorin, P. de. Ever-bearing Strawberries. Proc.

Internat. Corjf. on Plant-Breeding and Hybridization,

1902. Hort. Soc. of N. Y. Mem. Vol. i. 255.

1904. Vilmorin, P. de. Some Hybrid Nicotianas. Proc.

Internat. Conf. on Plant-Breeding and Hybridization,

1902. Hort. Soc. of X. Y. Mem. Vol. i. 251-253.

1904. Viviand-Morel, M. On the Hybridization of the Genus
Rosa. Jonrn. Roy. Hort. Soc. Lond. xxix. 38-46.

1904. Von Riimker, K. Pflanzenziichterische Studien.

Mitth. der Landw. Inst. Kgl. Univ. Breslau, ii. 832-

879.

1904. Voss, TV. Ueber die durch Pfropfen herbeigefiihrte

Symbiose einiger Vitisarten, ein Versuch zur Losung der

Frage nach dem Dasein der Pfropfhybriden. Landw.
Jahrb. xxxiii. 961-996 (with bibliography).

1904. Ward, C. W. Improvement of Carnations (with

discussion). Proc. Internat. Conf. on Plant-Breeding

and Hybridization, 1902. Hort. Soc. of N. Y. Mem.
Vol. i. 151-155.

1904. Waugh, F. A. Hybrid Plums. Proc. Internat.

Conf. on Plant-Breeding and Hybridization, 1902. Hort.

Soc. of N. Y. Mem. Vol. i. 211-213.

1904. Webber, H. J., and Swingle, W. T. New Citrus

Creations of the Department of Agriculture. U. S. Dept.

Agric. Yearbook, 221-240.

1904. Wettstein, R. von. Die Erblichkeit der Merkmale
von Knospenmutationem. Festschrift fiir P. Aescherson.

Leipzig, 509.

1904. White, X. B. On Grape Hybrids. Proc. Internat.

Conf. on Plant-Breeding and Hybridization, 1902. Hort.

Soc. of N". Y. Mem. Vol. i. 221-223.

1904. Wickson, E. J. Notes on California Plant-Breeding

Proc. Internat. Conf. on Plant-Breeding and Hybridiza-

tion, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 235-242.



472 BIBLIOGRAPHY.

1904. Wiesner, J. Lysimachia Zanadskii, als Beispiel einer

durch Mutation entstandenen Pflanzenform. Oesterr.

Bot. Zeitschr. liv. 1-4.

1904. Wilcox, E. V. Agricultural Science at the St. Louis

Meeting. Exp. Sta. Record, xv. 538-548. [Contains a

section on Plant and Animal Breeding.]

1904. Wilson, J. H. Variation in Oat Hybrids. Nature,

lxix. 413.

1904. Wing, De W. C. The Improvement of Corn. Penn.

Dep. of Agric. Bull. 133.

1904. Wintzer, A. My Experience in Hybridizing Cannas.

Proc. Internat. Conf. on Plant-Breeding and Hybridi-

zation, 1902. Hort. Soc. of N. Y. Mem. Vol. i. 209-210.

1904. Woods, A. F. Relation of Plant Physiology to the

Development of Agriculture. U. S. Dept. of Agric.

Yearbook, 119-132.

1904. Zahn, H. Bermerkungen iiber C. H. Ostenfelds

Artikel :
" Zur Kenntnis der Apogamie in der Gattung

Hieracium." Allg. Bot. Ztg. x. 170-172.

1904. Zielstorff und Beger. Ueber die Vertheilung der fur

die Pflanzenziichtung wichtigsten Stoffe in der Kohlriibi

und Mohre. Fuhling's Landw. Ztg. 491.

1905. American Breeders' Association. Proceedings of the

first two conventions. Washington. Pub. by the Asso-

ciation. [Contains many papers.]

1905. Bailey, L. H. Systematic Work and Evolution.

Science, n. s. xxi. 532.

1905. Beach, S. A. Grape-breeding. Proc. Soc. Hort.

Science, 42. [See also 1903.]

1905. Biffen, R. H. Mendel's Laws of Inheritance and

Wheat Breeding. Journ. of Agric. Sci. Vol. i. pt. 1,

4-48.

1905. Biffen, R. H. The Inheritance of Sterility in the

Barleys. Journ. of Agric. Sci. Vol. i. pt. 2, 250-257.



BIBLIOGRAPHY. 473

1905. Burbank, L. Heredity. Am. Florist, xxiv. 149-150.

1905. Burck, W. Die Mutation als Ursache der Kleisto-

gamie. Rec. Trav. Bot. Neerl. ii. 1-128.

1905. Butler, E. J. The Bearing of Mendelism on the

Susceptibility of Wheat to Rust. Journ. of Agric. Sci. i.

361-363.

1905. Carleton, M. A. Lessons from the Grain-Rust Epi-

demic of 1904. U. S. Dept. Agric. Farmers' Bull. 219,

1-24.

1905. Cobey, W. W. Method of Tobacco-seed Selection.

Md. Exp. Sta. Bull. 103, 225-235.

1905. Coburn, F. D. (editor). The Corn Book. Quar. Rep.

of Kan. State Bd. of Agric. xxiv. (1st sect.) No. 96, 1-332.

1905. Collins, G. N". Avocado : Salad Fruit from the

Tropics. U. S. Dept. Agric. Bureau PI. Ind. Bull. 77,

1-52. [On Improvement, pp. 29-33.]

1905. Cook, O. F., and Swingle, W. T. Evolution of Cellu-

lar Structures. U. S. Dept. Agric. Bureau of PI. Ind.

Bull. 81, 1-26.

1905. Corbett, L. C. The Value of Coordinated Variety

Tests and how they may be secured. Proc. Soc. Hort.

Science, 68.

1905. Correns, C. Zur Kenntnis der scheinbar neuen

Merkmale der Bastarde (Zweite Mitteilung iiber Bas-

tardierungsversuche mit Mirabilis-Sippen). Ber. Deut.

Bot. Gesells. xxiii. 70-85.

1905. Correns, C. Einige Bastardierungsversuche mit

Anomalen Sippen und ihre Allgemeinen Ergebnisse.

Jahrb. Wiss. Bot. xli. 458-484.

1905. Cramer, P. J. S. Knopvariatie. Diss. Univ. Amster-

dam, 1-137.

1905. Darwin, C. Variation under Domestication. Edited

by F. Darwin, London. 2 vols. 582 and 618 pp. [New
edition with notes by F. Darwin.]



474 BIBLIOGRAPHY.

1905. De Vries, Hugo. A Visit to Luther Burbauk, trans.

by Dr. Peter Olsson-Seffer. Pop. Sci. Monthly, Aug.

1905, 329-347. [Originally published in " De Gids

"

and then in De Vries' " Naar Californie."]

1905. De Vries, Hugo. Species and Varieties. Their

origin by Mutation. Edited by D. T. MacDougal. Chi-

cago and London. [Book.]

1905. De Vries, Hugo. Ueber die Dauer der Mutations

periode bei Oenothera Lamarckiana. Ber. Deut. Bot.

Gesells. xxiii. pp. 382-387.

1905. Eustace, H. J. An Experiment on the Selection of

Seed Potatoes, Productive vs. Unproductive Hills. Proc.

Soc. Hort. Science, 60.

1905. Fleischmann, A. Die Darwinsche Theorie. Leipzig.

[Book.]

1905. Foster, M. New or Noteworthy Plants. A Remark-

able Hybrid Narcissus. Gar. Chron. 3d ser. xxxvii.

82.

1905. Fraser, S. The Potato. New York, pp. 1-185. Orange

Judd Co. [Chapter xvi. on Breeding and Selection.]

1905. Fruwirth, C. Die Ziichtung der Laudwirtschaft-

lichen Kulturpflanzen. Berlin, pp. i.-xviii. + 1-345.

(2nd revised edition.)

1905. Haeckel, E. Der Kampf um den Entwickelungs-

Gedanken. Berlin. C. Reimer. [Book.]

1905. Hansen, N. E. Methods in Breeding Hardy Fruits.

Proc. Soc. Hort. Science, 105. [Abstract.]

1905. Hartley, C. P. Production of Good Seed Corn.

U. S. Dept. Agric. Farmers' Bull. 229, 1-24.

1905. Harwood, W. S. A AYonder Worker in Science : an

Authoritative Account of Luther Burbank's Unique

Work in Creating New Forms of Plant Life. Century

Magazine, lxix. 656-672. 821-837.

1905. Harwood, \V. S. New Creations in Plant Life. An



BIBLIOGRAPHY. 475

authoritative account of the life and work of Luther Bur-

bank. The Macmillan Co., New York. [Book.]

1905. Hertwig, O. Ergebnisse und Probleme der Zeugungs

und Yererbungslehre. Jena, 1-30.

1905. Hollis, G. Hybridizing the Peony. Horticulture,

ii. 59-60.

1905. Howard, Albert. Influence of Pollination on the

Development of the Hop. Journ. Agric. Sci. Vol. i. pt. 1,

49-58.

1905. Jones, L. R. Disease Resistance of Potatoes. U. S.

Dept. Agric. Bureau of PI. Ind. Bull. 87, 1-39.

1905. Jordan, D. S. Some Experiments of Luther Bur-

bank. Pop. Sci. Monthly, lxvi. 201-225.

1905. Kirchner, Q. Ueber die Wirkung der Selbstbestau-

bung bei den Papilionaceen. Naturw. Ztsch. fur Land-

und Forstw. 45.

1905. Klebs, G. Ueber Variationen der Bliiten. Jahrb.

fur Wiss. Bot. xlii. 155-320.

1905. Labergerie, E. Le Solanum commersoni et ses

Variations a Verrieres (Vienne) en 1904. Ann. Sci.

Agron. 2d ser. x. 57-139. Journ. Agric. Prat. n. s.

viii. 803-807, 831-834 (1904).

1905. Lyon, T. L. Experiments with Corn. Neb. Agric.

Exp. Sta. Bull. 91, 1-35.

1905. Lyon, T. L. Improving the Quality of Wheat. U. S.

Dept. Agric. Bureau of PL Ind. Bull. 78, 1-120.

1905. MacDougal, D. T. Mutants and Hybrids of the

Oenotheras. Carnegie Inst. Publications 24, 1-57.

1905. MacDougal, D. T. Discontinuous Variation and the

Origin of Species. Science, n. s. xxi. 540. Torreya, v. 1-6.

1905. MacDougal, D. T. Heredity and the Origin of

Species. Open Court Pub. Co. Chicago, 32 pp.

1905. Metcalf, M. M. Determinate Mutation. Science,

n. s. xxi. 355.



476 BIBLIOGRAPHY.

1905. Miller, M. F. Suggestions for Missouri Corn Growers.

Mo. Exp. Sta. Circ. 19, 1-27.

1905. Munson, W. M. Experiments in Practical Horticul-

ture— Plant-Breeding. Me. Agric. Exp. Sta. Bull. 113, 27.

1905. Munson, T. V. Breeding Grapes to Produce the

Highest Types. Neb. Farmer, xxxvii. 315.

1905. Myrick, H. (editor). The Book of Corn. New
York, 1-368. [Chapter iv. on Breeding and Selection.]

1905. Nicotra, L. Novamente sulla genesi des fiori. Mal-

pigline. Ann. xix. 64.

1905. Norton, J. B. Carnation Seedlings and Mendel's

Law. Proc. Soc. Hort. Science, 105. [Abstract.]

1905. Noter, R. de. L'hybridation des plantes. Paris, Ch.

Amat. Editors. [Book.]

1905. Pammer, G. Ueber Veredlungsziichten mit einigen

Landsorten des Roggens in Niederosterreich. Ztschr.

Landw. Versuchsw. Oesterr. viii. 1015-1053.

1905. Penhallow, D. P. Hybrid Characters as Expressed in

the Genus Catalpa. Abs. in Science, n. s. xxi. 505-506.

1905. Punnett, R. C. Mendelism. Cambridge, England.

[Book.]

1905. Rudd, W. N. Some Notes on Carnation Crosses.

Am. Florist, xxiii. 1045-1046.

1905. Sanders, T. W. Book of the Potato. London,

1-368. [Chapter xvi. On Rearing New Varieties.]

1905. Shamel, A. D. Selection of Tobacco Seed Plants.

Conn. State Exp. Sta. Bull. 150, 1-13.

1905. Shull, Geo. Harrison. Species and Varieties : their

Origin by Mutation. Torreya, Vol. 5, 89-93. [Review

of De Vries' book of this title.]

1905. Smith, A. J. Tobacco Variety Experiments. Bull.

Dept. Agric. Victoria, Vol. iii. pt. 4, 338.

1905. Smith, Louie H. Directions for the Breeding of

Corn. 111. Exp. Sta. Circ. No. 74, 1-16.



BIBLIOGRAPHY. 477

1905. Sprenger, C. Narcissenhybriden. Wien. 111. Gart.

Ztg. 52-56.

1905. Ten Eyck, A. M. Plant Adaptation. Kan. State

Corn Breeders' Assoc. Mar. 2-4, 1905.

1905. Townsend, C. O., and E. C. Rittue. Development of

Single-Germ Beet Seed. U. S. Dept. Agric. Bureau of

PL Ind. Bull. 73, 1-26.

1905. Tracy, W. W. The Importance in Seed-growing of

Adherence to Distinct and Clearly Denned Varietal

Forms. Proc. Soc. Hort. Science, 83.

1905. Von Riimker, K. Correlative Changes in Rye Breed-

ing on the Basis of Color in the Grain. Fiihlung's

Landw. Ztg. liv. 238-245.

1905. Waite, M. B. Sterility in the Japanese Plums. Am.
Agric. lxxv. 112.

1905. Waugh, F. A. The Complicated Art of Plum Grow-

ing. Country Life in America, viii. 330-331.

1905. Wiancko, A. T. Corn Improvement in Indiana.

Ind. Exp. Sta. Bull. 105, 275-322.

1905. Wickson, E. J. The Real Luther Burbank. Sun-

set Magazine, xv. 3-16.

1905. Wohltmann, F. Ein Beitrag zur Futterriibenzuch-

tung insbesondere der Oberndorfer. Blatter fiir Zuck-

erriibenbau, xii.





INDEX.

Acclimatization, 24, 26.

Acquired characters, 14.

Altitude and plants, 25.

Ainarantus retroflexus, 238.

Amelioration, gradual, 50.

American Breeders' Association, 230.

Animal and plant contrasted, 5, 91.

Annee, 141.

Antagonistic features, 95.

Anther, 335, 361.

Apple, Wealthy, 108.

Apples, bud-variation in, 118.

Apples, hybrid, 66, 79, 111.

Apples, races of, 90.

Apples, variations in, 3, 27, 37, 99, 131.

Arthur, 103, 116.

Asexual propagation, 7.

Atavism, 106, 151.

Bag for covering flowers, 353, 355.

Bartel, T. C, 130.

Barteldes, 140.

Bateson, 156.

Bean-breeding, 247.

Beans, types of, 135.

Beet, crosses, 56.

Begonia pollinations, 86.

Bell-flower, 333.

Bennett, A. W., 276.

Bibliography, 3G7.

Bigener, 362.

Bigness, variation in, 18.

Blackberry, crosses, 79, 111.

Blackberry, introduction of, 129.

Bohnhof, 80.

Braun, Alexander, 17.

Break, 364.

Breaking the type, 19, 23, 93.

Bruant, 113.

Buckwheat, crosses, 56.

Budd, Professor, 133.

Bud-variation, 6,21, 28,37, 101, 118, 126.

Bud-variation, definition of, 364.

Bugbane, 339.

Burbank, Luther, 238.

Burpee, 139.

Cabbage, crosses, 56.

Cactus, spineless, 243.

Calyx, 334, 361.

Canary-grass, crosses, 57.

Cannas, 140.

Carleton.M. A., 230, 276.

Carleton, M. A., article by, 291.

Carman, 79.

Carnation, 115.

Carriere, 96, 116, 143.

Cereus, night-blooming, 337.

Change of seed, 28, 59, 116.

Checking growth, 116.

Cherry, hybrid, 112.

Choice of variations, 31.

Chrysanthemum carinatum, 100.

Cimicifuga racemosa, 339.

Citrange, 277, 279.

Citrus-breeding, 27S.

Clematis, flowers, 343.

Climate and variation, 24, 114.

Close-fertilization, 362.

Close-pollination, 362.

Cobey, W. W., 276.

Coleus, sports in, 120.

Colors, modified by climate, 25.

Contradictory attributes, 98.

Convolvulus pollinations, 85.

Corn-breeding, 209.

479



480 INDEX.

Corolla, 334, 361.

Correns, 156, 197,

Cotton-breeding, 284.

Crabs, hybrid, 66, 111.

Cross, definition of, 362.

Cross, function of, 50.

Crosses, characteristics of, 68.

Crossing a means, 107.

Crossing and change of seed, 59.

Crossing, limits of, 44.

Crossing, philosophy of, 39.

Crossing, rule for, 109.

Crozy, 113, 140.

Cucumber pollinations, 85.

Cucurbits Pepo, 75, 84.

Cucurbitacea?, crosses, 46, 5S, 74, 82.

Cultivation, philosophy of, 22.

Cypripedium, 335.

Darwin, 17, 23, 32, 42, 47, 51, 54, 56,

60, 63, 69, 72, 84, 87, 117, 119, 121,

145, 233.

Darwinism, principle of, 145.

Dating back, 106.

De Candolles' law, 261.

Derivative-hybrid. 363.

De Tries. 145. 147, 148, 149, 150, 155,

176, 233.

Dewberry, crosses, 79, 111.

Dewberry, introduction of, 129.

Dkecious plants, 341.

Divergence of character, 23.

Division of labor, 42.

Dwarfing, 25, 114.

Eckford, 113.

Egg-plant, crosses, 57, 74.

Egg-plant pollinations, 85.

Egg-plants, variation in, 95.

Egypt, plagues of, 40.

Emasculation. 346.

Envelopes, floral, 333.

Environment and variation, 12.

Equilibrium of organisms, 20, 61.

Essential organs, 336, 361.

Experiment Station work, 255.

Eairchild, David, 238.

Fall sowing, 115.

Family, 364.

Female, 361.

Ferns, crossing, 358.

Fertility of soil, 18, 22.

Fertilization, 362, 363.

Filament, 335, 361.

Fittest, survival of, 32, 39.

Fixation of plants, 31.

Flavor, modified by climate, 25.

Floral envelopes, 361.

Flowerless plants, crossing, 358.

Focke, 68, 81, 108, 143, 156.

Food supply, 16, 116.

Form, definition, 364.

Fortuitous variation, 9.

Fraser, Samuel, 266.

Fruits, for Northwest, 260.

Fuchsia flowers, 354, 355, 356.

Function of the cross, 50.

Funk, J. Dwight, 230.

Gauss, E., 230.

Genera, monotypic, 97.

Genus, 365.

Gibb, Charles, 133.

Gideon, Peter M., 108.

Glossary, 361.

Goff, 103.

Gossypium, 285.

Gourd, crosses, 58, 74, 82.

Grapes, hybrid, 66, 78, 110, 111.

Gray, Asa, 33.

Greenhouses, produce variation, 115.

Hallock, V. H., & Son, 124.

Hansen, N. E., article by, 260.

Hartley, C. P., 230, 276, 360.

Hays, 216, 218.

Henderson, 138.

Heredity, 149, 155.

Hibiscus S}rriacus, 338.

Hieracium, 162.

Hopkins, 207, 209.

Hopkins, A. D., 230.

Husk-tomato, 60, 85.

Hybrid, definition of, 153, 154, 363, 364.

Hybridization, 189.

Hybridization, Mendel's experiments
in, 157, 158, 159.



INDEX. 481

Hybrids, characters of, 68, 178, 179.

Hybrids, formula for, 161.

Hybrids, rarity of, 53.

Ignotum tomato, 123.

In-breeding, 72.

Indeterminate varieties, 87.

Individual cross, 363.

Individuality, causes of, 8.

Individuality, fact of, 2.

Instruments for pollination, 351.

Ipomoeas, colors of seeds, 104.

Isolation of the plant, 22.

Keeney, Mr., 247.

Keyser, Alvin, 230.

Knight, Thomas Andrew, 17, 54.

Kohl-rabi, 80.

Kolreuter, 54, 73.

Korschinsky, 150.

Kumerle, W. J., 140.

Labor, division of, 42, 48.

Ladle for pollinating, 352.

Latitude and plants, 25.

Leafiness, 25.

Lemoine, 113.

Lens for pollinating, 351.

Lettuce, crosses, 56.

Lightning-rod boom, 229.

Lily, white, 334.

Lima beans, 138.

Limits of crossing, 44.

Lindley, 68.

Links, missing, 41, 48.

Linnaeus, 81.

Lupines, heredity in, 106.

Lycopods, crossing, 358.

Macfarlane, 195, 196.

Maize, crosses, 56.

Male, 361.

Maple, "VVier's, 109.

Meadow, plants in, 23.

Mendel, 156, 157. 158, 174, 176, 197.

Mendel's law, 161, 166, 172.

Mersereau, 131.

Mirabilis pollinations, 85,

Missing links, 41.

Mixing in the hill, 118.

Mongrel, 363.

Monoecious plants, 340.

Monotypic genera, 97.

Montgomery, E. G., 230.

Moore, Jacob, 110.

Morning-glory, 54.

Morong, Dr. Thomas, 60.

Morus multicaulis craze, 229.

Mulberry, Teas', 109.

Mule, 363.

Munson, Professor, 58.

MunsoB, T. V., 79, 111.

Muskmelon pollination, 85.

Mutation-periods, 149.

Mutation theory, points of, 152, 191.

Mutations, 146, 147, 148, 192, 365.

Natal variations, 15.

Natural selection, 32, 51.

Nebraska Corn Society, 230.

Nectarine, origin of, 118.

Nicotiana, crosses, 73.

Nicotiana pollinations, 85, 86.

Northwest, fruits for, 260.

Ontario plant-breeding, 255.

Opuntia, spineless, 243.

Orchids, hybrids, 79.

Orton, W. A., 276.

Ovary, 336, 344, 361.

Palmer, Asa, 139.

Pangenes, 125.

Panmixia, 147.

Parents, influence of, SI.

Pea-breeding, 247.

Peach, bud-variation in, 118.

Peach, hybrids, 47.

Peaches, races of, 91.

Pears, hybrid, 66, 79, 111.

Pears, variation in, 99.

Peas, viney, 16.

Pedigree records, 308.

Pepino pollinations, 86.

Pepino, variation in, 95.

Pepper, red, pollination, 85.

Peppers, variation in, 96.

Petal, 334, 361.



482 INDEX.

Petunia pollinations, S5, 86.

Physalis, 60.

Physalis, variation in, 96.

Pigweed, 235.

Pineapple-breeding, 283.

Pistil, 336, 361.

Pistillate, 362.

Pliny, 131.

Plum, hybrids, 47, 112.

Plumcot, 243.

Plums. Japanese, 27.

Pollen^ 335, 345, 362.

Pollinating kit, 358.

Pollination, 333, 362, 363.

Pollination, uncertainties of, 83.

Polytypic genera, 97.

Position, advantage of, 22.

Post-natal variations, 15.

Potato, 37, US.
Potato and tomato, 95.

Potato, seedlessness, 99.

Propagation, asexual, 7.

Protein in corn, 211.

Pruning, 23.

Pumpkin, crossing, 46, 58, 74, 82.

Quince, pollinated, 357.

Pace, definition, 365.

Paces in fruits, 90.

Radish pollinations, 85.

Paphanus Paphanistrum, 116.

Raspberry, flowering, 341.

Raspberry, hybrids, 79, 111.

Records, 308.

Red-root, 235.

Representative species, 66.

Rogue, 89, 127.

Rose, bud-varieties in, 118.

Rubus odoratus, 341.

Running out of varieties, 36, 125.

Russia, fruits from, 27, 90, 133.

Rye, hybrids, 79.

Salter, 119.

Saunders, D. A.. 276.

Scalpel for pollinating, 351.

Scissors for pollinating, 351.

Seed, change of, 28, 59.

Seedling, 365.

Seeds, colors of, 104.

Seeds, immature, 103.

Seeds, large and small, 101.

Seed-variation, 365.

Selection and progress, 120, 122, 127.

Selection, natural, 32, 51, 146.

Selection, natural, of two categories,

148.

Self-fertilization, effects of, 54.

Sepal, 334, 362.

Sex and variation, 11, 43.

Shamel, A. D., 276.

Shoemaker, D. N., 276.

Societies of breeders, 230.

Solanum, variations in, 95.

South Dakota, breeding in, 262.

Species, 195.

Species, catogories of, 151.

Species, conceptions of, 153.

Species, definition, 365.

Spencer, 61.

Spillman, 17S, 181.

Spore, definition, 362.

Sports, 2-2. 28, 37, 191, 365.

Sprengel, 54.

Squash, crosses, 58, 74, 82.

Squash flowers, 342.

Squash, Hubbard, 46.

Stamens. $$b, 362.

Staminate, 362.

Stigma, 336, 362.

Stock, definition, 365.

Strain, definition, 365.

Strawberry, Wilson, 125.

Struggle for life, 20, 29, 39.

Sturtevant, 103.

Style, 336, 362.

Survival of the fittest, 32, 39.

Swamping effects of inter-crossing, 46.

Swingle, W. T., 283.

Synchronistic variations, 117.

Tangelo. 2S1.

Teas, Mr., 109.

Thinning, 23.

Tillage and food supply, 17, 22.

Timothy-breeding, 266.

Tobacco flowers, 347.



INDEX. 483

Tobacco pollinations, 86.

Tomato and potato, 95.

Tomato, crosses, 5S.

Tomato, Ignotum, 123.

Tomato, pollinated, 357.

Tomato pollinations, 85.

Tomato, Trophy, 37.

Tomato, variation in, 98.

Tomatoes, breeding, 103.

Townsend, C. 0., 276.

Triticum monococcuin, 307.

Tschermak, 150, 197.

United States Department of Agricul-

ture, 276.

Variability, variation in, 25.

Variation and environment, 12.

Variation caused by sex, 11, 43.

Variation, definition, 365.

Variation, fortuitous, 9.

Variation, philosophy of, 1.

Variation, proper, 145, 146.

Variations, choice of, 31.

Variations, fixation of, 31.

Variations, natal and post-natal, 15.

Variations, origin of, 8, 41.

Variations, two kinds, 145.

Variegation, perpetuating, 120.

Varieties, running out, 36, 125.

Variety, 195.

Variety, definition, 365.

Variety, what is a, 35, 205.

Verlot, 121, 143.

Vilmorin, Henri L. de, 100, 105, 142.

Yilmorin, Louis Leveque de, 106.

Walker, Ernest, 120.

Wallace, 47, 60, 67.

Watermelon pollination, 85.

Webber, 197.

Webber, articles by, 278, 283, 284, 308.

Weismann, 13, 14, 147.

Wheat-breeding, 216, 291.

Wheat, hybrids, 79, 180, 183.

Wier, D. B., 109.

Wilding, 365.

Xenia, 162, 163.

Zavitz, C. A., 230.

Zinnia, flowers, 349.





The Horticulturist's Rule-Book.

A COMPENDIUM OF USEFUL INFORMATION FOR FRUIT-GROWERS
TRUCK-GARDENERS, FLORISTS, AND OTHERS.

By L. H. BAILEY,
Professor of Horticulture in the Cornell University.

Fourth Edition, with Many Additions.

i>mo. 312 pages. Limp Cloth, 75 Cents.

This volume is the only attempt ever made in this country to codify and con-

dense all the scattered rules, practices, recipes, figures, and histories relating to

horticultural practice, in its broadest sense. It is much condensed, so that its

three hundred pages comprise several thousand facts, the greater part of which

the busy man would never possess if he were obliged to search them out in the

voluminous literature of recent years. All the approved methods of fighting

insects and plant diseases used and discovered by all the experiment sta-

tions are set forth in shape for instant reference. This feature alone is

worth the making of the book.

Amongst the additions to the volume, in the present edition, are the follow-

ing: A chapter upon " Greenhouse and Window-garden Work and Estimates,"

comprising full estimates and tables of heating glass-houses, list of plants for

forcing, for cut flowers, for window-gardens, aquaria, and the like, with tem-

peratures at which many plants are grown, directions for making potting-earth

and of caring for plants, etc. ; a chapter on " Literature," giving classified lists

of the leading current writings on American horticulture, with publisher's

addresses and prices, and a list of periodicals, and directories of officers of

whom the bulletins of the various experiment stations may be obtained ; lists

of self-fertile and self-sterile fruits ; a full account of the method of predicting

frosts and of averting their injuries ; a discussion of the aims and methods of

phenology, or the record of climate in the blooming and leafing of trees ; the

rules of nomenclature adopted by botanists and by various horticultural socie-

ties ; score-cards and scales of points for judging various fruits, vegetables, and

flowers ; a full statement of the metric system, and tables of foreign money.

THE MACMILLAN COMPANY,
66 FIFTH AVENUE, NEW YORK.



THE RURAL SCIENCE SERIES.
NOW READY.

The Soil. By Franklin H. King, Professor of Agricultural Physics,

University of Wisconsin. i6mo. Cloth, pp. 303. 75 cents.

The Spraying of Plants. By Ernest G. Lodeman, Cornell University

PP. 399- #i-oo.

IN PREPARATION.

The Apple in North America. By L. H. Bailey, Editor of the Series

The Fertility of the Land. By I. P. Roberts, Cornell University.

Milk and its Products. By H. H. Wing, Cornell University.

Bush Fruits. By Fred W. Card, University of Nebraska.

The Grass. By W. H. Brewer, Yale College.

The Feeding of Animals. By W. H. Jordan, Experiment Station of

Maine.

Leguminous Plants and Nitrogen-Gathering. By E. W. Hilgard,

University of California.

Irrigation. By F. H. King, author of "The Soil."

Seeds and Seed-Growing. By Gilbert H. Hicks, Curator of Seeds,

Division of Botany, Department of Agriculture.

Physiology of Plants. By J. C. Arthur, Purdue University.

Pathology of Plants. By B. T. Galloway, Chief of the Division of

Vegetable Pathology, Department of Agriculture, assisted by Erwin
F. Smith and Albert F. Woods.

TNDER the editorship of Professor L. H. Bailey of Cornell University,

^ Macmillan & Co. purpose issuing a series of books upon agricultu-

ral subjects to be known as the Rural Science Series. These volumes

are designed to treat rural subjects fundamentally, setting forth in readable

form the latest and best science and opinion as applied to agriculture in

its broadest sense. Whilst it is expected that the books shall describe the

current practices of rural occupations, it is nevertheless their chief mission

to expound the principles which underlie these practices, and thereby to

lead, by true educational methods, to the betterment of every rural pur-

suit. These monographs are to be written by men of recognized attain-

ments, in various parts of the country; and it is expected that the series

will be continued from year to year until it eventually covers the whole

field of agriculture.

THE MACMILLAN COMPANY,
66 FIFTH AVENUE, NEW YORK.



WORKS BY L. H. BAILEY.

Professor of Horticulture in Cornell University.

Talks Afield : About Plants and the Science of Plants, pp. 173*

Illustrated.

Field Notes on Apple Culture, pp. 90. Illustrated.

The Horticulturist's Rule-Book: A Compendium of Useful

Information for Fruit-Growers, Truck-Gardeners, Florists,

and Others. Fourth edition, pp. 312.

The Nursery-Book: A Complete Guide to the Multiplication

and Pollination of Plants, pp. 304. Illustrated.

American Grape Training, pp. 95. Illustrated.

Annals of Horticulture in North America fcr the Year 1889 :

A Witness of Passing Events and a Record of Progress,

pp. 249. Illustrated.

Annals of Horticulture for 1890. pp. 312. Illustrated.

Annals of Horticulture for 1891. pp. 415. Illustrated.

Annals of Horticulture for 1892. pp. 387. Illustrated.

Annals of Horticulture for 1893 : Comprising an Account of

the Horticulture of the Columbian Exposition, pp. 179.

Illustrated.

Gray's Field, Forest, and Garden Botany: A Simple Introduc-

tion to the Common Plants of the United States East of the

100th Meridian, Both Wild and Cultivated. Revised and

extended by L. H. Bailey, Editor of The Rural Science

Series of agricultural and horticultural books.

Plant-Breeding : Being Five Lectures upon the Amelioration

of Domestic Plants, pp. 293. Illustrated.

THE MACMILLAN COMPANY,
66 FIFTH AVENUE, NEW YORK.



1*709 *











%



m\m\\ khh HI '^' I $1

LIBRARY OF CONGRESS

0000^336^37

i
I HIS I I ^

I

iH Irai Hi
1 M I

-^i^i^M ^^H
ifHi»8RRtmUt&rKH

SttSfl iffifl H H hH
ill \w h
} US H
vim iltfi Hi H
Hal H

IHI illif I


